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PEEFACE 

TO   THE 

ENGLISH   TRANSLATION 


In  presenting  to  the  scientific  world  an  English  translation  of 
the  text-book  of  Chemistry  written  by  the  great  master  of  the 
Periodic  Law,  we  feel  that  no  apology  is  necessary,  for  it  was  in 
preparing  the  first  edition  of  this  book  that  the  author  was  led  to 
those  considerations  which  resulted  in  the  discovery  of  that  law, 
and,  moreover,  the  book  is  quite  unique  in  its  treatment  of  its 
subject. 

In  order  to  convey  as  nearly  and  clearly  as  possible  the  exact 
meaning  of  the  author,  it  has  been  our  endeavour  to  give,  as  far  as 
the  genius  of  the  two  languages  permits,  a  literal  rendering  of  the 
original  work.  Some  exception  may  no  doubt  be  taken  to  some  of 
the  sentences,  but  it  was  felt  on  the  whole  that  it  would  be  better 
to  have  some  inelegance  of  language  rather  than  to  risk  the  loss 
of  the  exact  shade  of  meaning  that  the  author  had  intended  to 
convey. 

We  have  not  considered  ourselves  at  liberty  to  make  any 
alterations  in  the  matter  of  the  work,  save  the  omission  of  two 
notes  referring  to  the  meaning  of  Russian  words,  and  of  some 
details  referring  to  the  waters  of  the  streams  near  St.  Petersburg, 
which  required  local  knowledge  to  be  of  any  utility.  It  has, 
however,  been  necessary  to  make  a  considerable  change  in  the 
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illastratioDS,  as  electro-types  of  the  figures  in  the  original  could 
not  be  obtained. 

Since  the  publication  of  the  Russian  fifth  edition,  Professor 
Mendel6eff  has  issued  some  appendices  to  the  work,  which  will  be 
found  printed  at  the  end  of  Volume  II.  We  have  to  express  our 
thanks  to  the  Managers  of  the  Royal  Institution  for  permission  to 
reprint  the  lecture  delivered  at  the  Royal  Institution  by  Professor 
Mendel6eff  (Appendix  I.),  and  to  the  Council  of  the  Chemical 
Society  for  permission  to  reprint  the  Faraday  lecture  which  forms 
Appendix  II. 

In  conclusion,  we  would  express  our  gratitude  to  Professor 
Kinch  for  the  aid  so  kindly  given  in  revising  the  sheets  for 
the  press. 

G.  K. 
A.  J.  G. 

October,  1891. 


AUTHOE'S   PEEFACE 

TO 

THE    FIFTH    EDITION 


This  work  was  written  during  the  years  1868-1870,  its  object 
being  to  acquaint  the  student  not  only  with  the  methods  of  ob- 
servation, the  experimental  facts,  and  the  laws  of  chemistry^  but 
also  with  the  aspect  of  this  science  towards  the  invariable  sub- 
stance of  varying  matter.  If  the  facts  themselves  include  the 
person  who  observes  them,  then  how  much  more  inevitable  is  the 
reflection  of  personality  in  giving  an  account  of  methods  and  of 
philosophical  speculations  ?  For  the  same  reason  there  will  inevi- 
tably be  much  that  is  subjective  in  every  objective  exposition  of 
science.  And  as  an  individual  production  is  only  significant  in 
virtue  of  that  which  has  preceded  and  which  surrounds  it,  so  it 
essentially  resembles  a  mirror  which  in  reflecting  exaggerates  the 
size  and  clearness  of  neighbouring  objects,  and  causes  a  person 
near  it  to  see  reflected  most  plainly  those  objects  which  are  on  the 
side  to  which  it  is  directed.  Although  I  have  endeavoured  to  make 
my  book  a  true  mirror  directed  towards  the  domains  of  chemical 
transformations,  yet  involuntarily  those  influences  near  to  me  have 
been  the  most  clearly  reflected,  the  most  brightly  illuminated, 
and  have  tinted  the  entire  work  with  their  colouring.  In  this 
way  the  chief  peculiarity  of  the  book  has  been  determined.  Ex- 
perimental and  practical  data  occupy  their  place,  but  the  philo- 
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sophical  principlea  of  our  science  form  the  chief  theme  of  the  work. 
In  former  times  sciences,  like  bridges,  could  only  be  built  up  by 
supporting  them  on  a  few  deep  abutments  and  long  girders.  In 
addition  to  the  exposition  of  the  principles  of  chemistry,  it  has 
been  my  desire  to  show  how  science  has  now  been  built  up  like 
a  suspension  bridge,  supported  by  the  united  strength  of  a  number 
of  slender,  but  firmly-fixed,  threads,  which  individually  are  of 
little  strength,  and  has  thus  been  carried  over  difficulties  which 
before  appeared  impassable.  In  comparing  the  science  of  the  past, 
the  present,  and  the  future,  in  placing  the  particulars  of  its  re- 
stricted experiments  side  by  side  with  its  aspirations  for  unbounded 
and  infinite  truth,  and  in  restraining  myself  from  yielding  to  a  bias 
towards  following  the  most  attractive  representation,  I  have  en- 
deavoured to  incite  in  the  reader  a  spirit  of  inquiry,  which,  unsatis- 
fied with  speculative  reasonings  alone,  should  subject  every  idea 
to  experiment,  excite  the  habit  of  stubborn  work,  necessitate  a 
knowledge  of  the  past,  and  a  search  for  fresh  threads  to  complete 
the  bridge  over  the  bottomless  unknown.  Experience  proves  that 
it  is  possible  by  this  means  to  avoid  two  equally  pernicious  extremes, 
the  Utopian — a  visionary  contemplation  which  proceeds  from  a 
current  of  thought  only — and  the  realistic  stagnation  which  is 
content  with  bare  facts.  In  sciences  like  chemistry,  which  treat 
of  ideas  as  well  as  of  the  substances  of  nature,  experience  demon- 
strates at  every  step  that  the  work  of  the  past  has  availed  much, 
and  that  without  it  it  would  be  impossible  to  advance  *  into  the 
ocean  of  the  unknown.*  We  are  compelled  to  value  their  history, 
to  cast  aside  classical  illusions,  and  to  engage  in  a  work  which  not 
only  gives  mental  satisfaction  but  is  also  practically  useful.* 

'  Chemistry,  like  every  other  science,  is  at  once  a  means  and  an  end.  It  is  a 
means  of  attaining  certain  practicable  aspirations.  Thus,  by  its  assistance,  the 
obtaining  of  matter  in  its  various  forms  is  facilitated ;  it  shows  new  possibilities 
of  availing  ourselves  of  the  forces  of  nature,  indicates  the  methods  of  preparing 
many  substances,  points  out  their  properties,  etc.  In  this  sense  chemistry  is 
closely  connected  with  the  work  of  the  mauufacturcr  and  the  artisan,  its  sphere 
is  active,  and  is  a  means  of  promoting  general  welfare.  Besi(ies  this  honourable 
vocation,  chemistry  has  another.  With  it,  as  with  every  other  elaborated  science, 
there  arc  many  lofty  aspirations,  the  contemplation  of  which  serves  to  inspire  its 
workers  and  partisans.    This  contemplation  comprises  not  only  the  principal  data 
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Thus  the  desire  to  direct  those  thirsting  for  truth  to  the  pure 
source  of  the  science  of  the  forces  acting  throughout  nature  forms 

of  the  science,  but  also  the  generaUy-accepted  deductions,  and  also  hypotheses, 
which  refer  to  phenomena  as  yet  but  imperfectly  known.  In  this  latter  sense 
scientific  contemplation  varies  much  with  times  and  persons,  it  bears  the  stamp 
of  creative  power,  and  comprehends  the  highest  branch  of  scientific  progress. 
In  that  pure  enjoyment  experienced  on  approaching  to  the  ideal,  in  that  eagerness 
to  draw  aside  the  veil  from  the  hidden  truth,  and  even  in  that  discord  which 
exists  between  the  various  workers,  we  ought  to  see  the  surest  pledges  of  further 
scientific  success.  Science  thus  advances,  discovering  new  truths,  and  at  the 
same  time  obtaining  practical  results.  The  edifice  of  science  not  only  requires 
material  but  also  a  plan,  and  necessitates  the  work  of  preparing  the  materials, 
putting  them  together,  working  out  the  plans  and  the  symmetrical  proportions 
of  the  various  parts.  To  conceive,  understand,  and  grasp  the  whole  symmetry  of 
the  scientific  edifice,  including  its  unfinished  portions,  is  equivalent  to  tasting 
that  enjoyment  only  conveyed  by  the  highest  forms  of  beauty  and  truth.  Without 
the  material,  the  plan  alone  is  but  a  castle  in  the  air,  a  mere  possibility,  whilst 
the  material  without  a  plan  is  but  useless  matter ;  all  depends  on  the  concordance 
of  the  materials  with  the  plan  and  execution,  and  the  general  harmony  thereby 
attained,  In  the  work  of  science,  the  artisan,  architect,  and  creator  are  very 
often  one  and  the  same  individual,  but  sometimes,  as  in  other  walks  of  life, 
there  is  a  difference  between  them  ;  sometimes  the  plan  is  preconceived,  some- 
times it  follows  the  preparation  and  accumulation  of  the  raw  material.  Free 
access  to  the  edifice  of  science  is  not  only  allowed  to  those  who  devised  the  plan, 
worked  out  the  detailed  drawings,  prepared  the  materials,  or  piled  up  the  brick« 
work,  but  also  to  all  those  who  are  desirous  of  making  a  close  acquaintance  with 
the  plan,  and  wish  to  avoid  dwelling  in  the  vaults  or  in  the  garrets  where  the 
useless  lumber  is  stored. 

Knowing  how  contented,  free,  and  joyful  is  life  in  the  realms  of  science,  one 
fervently  wishes  that  many  would  enter  their  portals.  On  this  account  many 
pages  of  this  treatise  are  unwittingly  stamped  with  the  earnest  desire  that  the 
habits  of  chemical  contemplation  which  I  have  endeavoured  to  instil  into  the 
minds  of  my  readers  will  incite  them  to  the  further  study  of  science.  Science 
will  then  flourish  in  them  and  by  them,  on  a  fuller  acquaintance  not  only  with 
that  little  which  is  enclosed  within  the  narrow  limits  of  my  work,  but  with  the 
further  learning  which  they  must  imbibe  in  order  to  make  themselves  masters  of 
our  science  and  partakers  in  its  further  advancement. 

Those  who  enlist  in  the  cause  of  science  have  no  reason  to  fear  when  they 
remember  the  urgent  need  for  practical  workers  in  the  spheres  of  agriculture, 
arts,  and  manufacture.  By  summoning  adherents  to  the  work  of  theoretical 
chemistry,  I  am  confident  that  I  call  them  to  a  most  useful  labour,  to  the 
habit  of  dealing  correctly  with  nature  and  its  laws,  and  to  the  possibility  of 
becoming  truly  practical  men.  In  order  to  become  actual  chemists,  it  is 
necessary  for  beginners  to  be  well  and  closely  acquainted  with  three  impor- 
tant branches  of  chemistry — analytical,  organic,  and  theoretical.  That  part  of 
chemistry  which  is  dealt  with  in  this  treatise  is  only  the  groundwork  of  the  edifice. 
For  the  learning  and  development  of  chemistry  in  its  truest  and  fullest  scmse, 
beginners  ought,  in  the  first  place,  to  turn  their  attention  to  the  practical  work  of 
analytical  chemistry ;  in  the  second  place,  to  practical  and  theoretical  acquaint- 
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the  first  and  most  important  aim  of  this  book.  The  time  has  ar- 
rived when  a  knowledge  of  physics  and  chemistry  forms  as  im- 
portant a  part  of  education  as  that  of  the  classics  did  two  centuries 
ago.  In  those  days  the  nations  which  excelled  in  classical  learning 
stood  foremost,  just  as  now  the  most  advanced  are  those  which  are 
superior  in  the  knowledge  of  the  natural  sciences.  I  also  wished 
to  show  in  an  elementary  treatise  on  chemistry  the  palpable  ad- 
vantages gained  by  the  application  of  the  periodic  law,  which  I  first 
saw  in  its  entirety  in  the  year  1869  when  I  was  engaged  in  writing 
the  first  edition  of  this  book,  in  which,  indeed,  the  law  was  first 
enunciated.  Then,  however,  this  law  was  not  established  so  firmly 
as  now,  when  so  many  of  its  consequences  have  been  verified  by 
the  researches  of  numerous  chemists,  and  especially  by  Boscoe, 
Lecoq  de  Boisbaudran,  Nilson,  Brauner,  Thorpe,  Camelley,  Laurie, 
Winkler,  and  others.  As  the  entire  scheme  of  this  work^  is  sub- 
jected to  the  law  of  periodicity,  which  may  be  illustrated  in  a 


ance  with  some  special  chemical  question,  stadying  the  original  treatises  of  the 
investigators  of  the  subject  (at  first,  under  the  direction  of  experienced  teachers), 
because  in  working  out  particular  facts  the  faculty  of  judgment  and  of  correct 
criticism  becomes  sharpened ;  in  the  third  place,  to  a  knowledge  of  current  scien- 
tific questions  through  the  special  chemical  journals  and  papers,  and  by  inter- 
course with  other  chemists.  The  time  has  come  to  turn  aside  from  visionary 
contemplation,  from  platonic  aspirations,  and  from  classical  verbosity,  and  to 
enter  the  regions  of  actual  labour  for  the  common  weal,  and  to  prove  that  the 
study  of  science  is  not  only  an  excellent  education  for  youth,  but  that  it  instils 
the  virtues  of  labour  and  truth,  and  creates  solid  national  wealth,  material  and 
mental,  which  without  it  would  be  unattainable.  Science,  which  deals  with  the 
infinite,  is  itself  without  bounds. 

*  I  recommend  those  who  are  commencing  to  study  chemistry  with  my  book 
tofirnt  learn  onlywh^U  isprintetl  in  the  large  type,  because  in  that  part  I  have  en- 
deavoured to  concentrate  all  the  fundamental,  indispensable  knowledge  required 
for  the  study  of  chemistry.  In  the  footnotes,  printed  in  small  type  (which  I  advise 
being  read  only  after  the  large  text  has  been  mastered),  certain  details  are  dis- 
cussed ;  they  are  either  further  examples,  or  debatable  questions  on  existing  ideas 
which  I  thought  indispensable  to  lay  before  those  entering  into  the  sphere  of 
science,  or  certain  historical  and  technical  details  which  might  be  withdrawn 
from  the  fundamental  portion  of  the  book.  Without  intending  to  attain  in  my 
treatise  to  the  completeness  of  a  work  of  reference,  I  have  still  endeavoured 
to  express  the  principal  developments  of  science  as  they  concern  the  chemical 
elements  viewed  in  that  aspect  in  which  they  appeared  to  me  aft^r  long  con- 
tinued study  of  the  subject  and  participation  in  the  contemporary  advance  of 
knowledge. 


PREFACE  Xi 

tabular  form   by  placing  the   elemente  in   series,   groups,    and 
periods,  two  sncli  tables  are  given  at  the  end  of  this  preface. 

In  this  fifth  edition  I  have  not  altered  any  essential  feature  of 
the  original  work,  but  have  enlarged  it  in  two  directions.  First, 
the  doctrine  of  chemical  equilibria,  originally  introduced  by 
Berthollet  and  Henri  Sainte-Glaire  Deville,  is  discussed  more 
fully  and  minutely  than  in  the  earlier  editions,  as  it  has  during 
recent  years  been  established  on  a  much  firmer  footing;  and, 
second,  the  descriptive  data  referring  to  the  elements  have  been 
increased  by  many  new  facts. 

I).  MENDKLEEFF. 


xu 


PRINX'IPLES  OF  CHEMISTRY 


/ 


^ 


I 
I 


PQ    I 


0 

a 


0 


o 


P3 


^ 


s 


0 


•  0 


(5 


o 

pf 


0) 


o 


CO 


»Q 


Ji 
^ 


^ 


^1 
o 


0) 

. 

> 

X 

CG 

O 

l-l 

(< 

o 

• 

H 

• 

tS 

c8 

^ 

1 

<J 

o 

n 

• 

eg 

• 

>H 

, 

bf) 

a 

, 

^ 

1 

^ 

5 

^Q 

en 

d 

QQ 


U3 
PUl 


S-' 


M 


08 


0  bci 

W        .      P3         . 


J 


08 


H       ! 


H         • 

o"     1 

•        1 

pf   ' 

to 

m 

o    o 

«  « 

/-\ 

0 
^           1 

^  1 

i-icico-^io<ot^aooi0^c<J 


XIU 


TABLE  n. 

The   Atomic   Weights   of   the   Elements 

Distribution  of  the  Elements  in  Periods 


Groapa 

Higher 
Halt- 
forming 
Oxides 

Typical  or 

IstsmaU 

Period 

Large  Periods 

l8t 

tod 

8rd 

4th 

5tli 

I. 

R,0 

Li  -7 

K   39 

Bb    85 

Cs  133 

— 

— 

II. 

BO 

Be  -9 

Ca40 

S      87 

Bal37 

— 

— 

III. 

R,0. 

B    =11 

8c  44 

Y     89 

La  138 

YbI73 

•  — 

IV. 

RO, 

C    «12 

Ti  48 

Zr    90 

Cel40 

— 

Th232 

V. 

R.O. 

N    =14 

V   61 

Nb  94 

— 

Tal82 

— 

VI. 

BO, 

0    =16 

Or  62 

Mo  96 

— 

W  184 

Ur240 

VII. 

B.0, 

F    =19 

Mii65 

— 

— 

— 

— 

Fe66 

Bal03 

— 

Osl91 

— 

VIII. 

Co  68-5 

Bhl04 

— 

Ir  193 

— 

Ni69 

Pdl06 

— 

Pt  196 

— 

I. 

B,0 

U  =  l.Na=23 

Cu63 

Agios 

— 

Aul98 

— 

II. 

RO 

Mg  =  24 

Zn66 

Cdll2 

— 

IIg200 

— 

III. 

R,0, 

Al  =27 

Ga70 

In  113 

— 

Tl  204 

— 

IV. 

BO, 

Si    =28 

Ge72 

Snll8 

— 

Pb206 

V. 

RA 

P    =31 
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PEINCIPLES    OF    CHEMISTEY 


INTRODUCTION 
Chbmistbt  is  concerned  with  the  study  ^  of  the  homogeneous  substances 

1  Tlie  investigation  of  a  substance  or  phenomenon  of  nature  consistH  (a)  in  determin- 
ing the  relation  of  the  thing  under  investigation  to  that  which  is  already  known,  either 
from  former  ntudies,  or  from  experiment,  or  from  the  consciousness  of  the  common  sur- 
roundings of  life— that  is,  in  determining  and  expressing  the  quality  of  the  unknown  by 
the  aid  of  that  wliich  is  known ;  (b)  in  measuring  all  that  which  can  be  subjected  to 
measurement,  and  thereby  denoting  the  quantitative  relation  of  that  tmder  investigation 
to  that  already  known  and  its  relation  to  the  categories  of  time,  space,  temperature, 
mass,  &c. ;  (c)  in  determining  the  position  held  by  the  thing  under  investigation  in  the 
system  of  the  things  known,  guided  by  both  qualitative  and  quantitative  data ;  (d)  in 
finding,  from  the  quantities  which  have  been  measured,  the  empirical  (visible)  depen- 
dence (function,  or  '  law,'  as  it  is  sometimes  termed)  of  variable  factors — for  instance,  the 
dependence  of  the  composition  of  the  substance  on  its  properties,  of  temperature  on 
time,  of  time  on  locality,  &c. ;  (e)  in  framing  hypotheses  or  propositions  as  to  the  actual 
cause  and  true  nature  of  the  relation  between  that  studied  (measured  or  observed)  and 
that  which  is  known  or  the  categories  of  time,  space,  iVrc. ;  (/)  in  verifying  the  logical 
consequences  of  the  hypotheses  by  experiment ;  and  {g)  in  advancing  a  theory  which 
fthall  account  for  the  nature  of  the  properties  of  that  studied  in  its  relations  with  things 
already  known  and  with  those  conditions  or  categories  among  which  it  exists.  It  is 
certain  that  it  is  only  possible  to  thus  study,  when  we  have  taken  as  a  basis  some  incon- 
testable fact  which  is  self-evident  to  our  understanding ;  as,  for  instance,  number,  time, 
space,  movement,  or  mass.  The  determination  of  such  primary  or  fundamental  concep- 
tions (categories),  although  not  excluded  from  the  possibility  of  investigation,  frequently 
does  not  subject  itself  to  our  present  mode  of  scientific  'generalisation.  Hence  it  follows 
in  the  investigation  of  anything,  there  always  remains  something  which  is  recognised 
without  investigation,  or  admitted  as  a  known  factor.  The  axioms  of  geometry  may  be 
taken  as  an  example.  Thus  in  the  science  of  biology  it  is  necessary  to  admit  the  faculty 
of  organisms  for  multiplying  themselves,  as  a  conception  whose  meaning  is  yet  unknown. 
Thus  in  the  study  of  chemistry  the  notion  of  elements  must  be  recognised  without 
hardly  any  further  analysis.  However,  by  first  investigating  that  which  is  visible  and 
subject  to  direct  observation  by  the  organs  of  the  senses,  we  may  hope  that,  first, 
hypotheses  will  be  arrived  at,  and  afterwards  theories  of  that  which  has  now  to  be  placed 
at  the  basis  of  our  investigations.  The  minds  of  the  ancients  strove  to  at  once  seize  the 
rery  fundamental  categories  of  investigation,  whilst  all  the  successes  of  recent  know- 
ledge are  based  on  the  above-cited  method  of  investigation  without  the  determination  of 
*  the  beginning  of  all  beginnings.'    By  following  this  inductive  method,  the  exact  iciences 
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iterial '  of  which  all  the  ohjects  of  the 


universe  are  made  up,  >^dth 
the  transformations  of  these  substances  into  each  other,  and  with  the 
phenomena  '*  which  accompany  such  transformations.     Every  chemical 

have  ulreiwly  succeeded  in  beeoniinjf  iioqui^iittid  with  certiiinty  with  much  of  the  invi- 
Bible  world,,  which  dil<?ctly  ir  imi>tirceptiTble  to  the  or|<:nn»  of  Bense  (forexamph?*  the  mole- 
calftr  movement  of  all  bodifiH,  the  cr>m|>ui»itiou  of  the  heavenly  lommrtrii^H,  the  p<iths  of 
thflr  movement^  the  nece«»ity  U>r  the  exietenee  of  subfitftnces  which  oaiinot  be  Hiihjeoted 
to  eiJcperimentT  ttc.)^  t^-nd  Imvc  v**rititHl  t!ie  knowledge  thus  obtiiined,  and  employed  it  for 
iDcreafting  the  interewtHof  human  life;  and  therefort^  it  may  be  safely  said  thut  thfi  imluc- 
ticf  method  of  invrstigfitwn  ih  a  more  perfect  mode  of  jieqniring  knowledge  than  the 
deductive  methotl  idone  (titiirtinj;  from  a  little  of  the  unknown  acc'eptfd  as  iucontt'«tabl*j 
to  arrive  At  the  much  which  h  vinible  and  observable)  by  which  the  nntnentH  strove  to 
embrace  the  nniverne.  By  inveetigating  the  ODiverne  by  an  induL-tive  mtthod  itnideavoar- 
ing  from  the  mnch  which  is  obHerv*ible  to  arrive  at  a  little  which  may  l>e  verified  and 
if4  indubitable)  the  new  science  refuwes  to  reuo>riiii4e  dogma  ah  truth,  but  throufjh  reamti^ 
by  a  Blow  and  laboriooH  m«tlitid  of  investigation,  »trivefl  for  and  attains  l(\  true  de- 
diuotioiifl*  j 

'  A  KtibBtance  or  material  in  that  which  occapieR  spi^oe  and  ha^i  weight.  That  is, 
whith  prenetita  a  maHft  whit.'h  !«  attracted  by  the  earth  and  by  other  maaneei  of  material, 
and  of  which  the  ahjrctn  of  nature  are  t*om|K>Bed,  and  through  which  the  mox-^etiieuta  and 
phenomena,  of  tiature  are  accomplished.  It  in  eiiAy  to  find  out  by  ex&miuing  and 
iuve«tigHtingf  by  varioun  metbod^^  the  obJeet»  met  with  in  nature  and  in  the  arta,  that 
sctme  of  them  art;  homogeneouH^  whilst  other**  are  composed  of  a  mixture  of  several 
houiogeneouH  HubHtiiiiCef^.  This  ih  moat  clearly  seen  in  solid  ttubetances.  The  metrvls 
used  in  the  arts  (for  example,  gold*  iron,  copper)  Hhould  be  diHtinguiwhed  for  their 
homogeneity,  otherwise  tliey  are  l>rittle  and  unfit  for  many  uneK,  HnuactgeneoUH  matter 
exhibits  similar  pmpertieH  in  all  itn  parte.  By  breaking  up  a  homogeneoiiH  sul>staiiee  we 
obtain  parts  which,  although  different  in  forui,  re«emble  each  other  in  their  pnj]>erties. 
Glass,  the  heHt  qualities  of  Kugar,  marble,  &e.,  are  examples  of  homogeneous  substaDces. 
But  examples  of  nonOioniogeBe^mH  anhatanceH  are  timeh  more  frequent  in  nature  and  the 
art«.  Thuti  the  majority  of  the  rooks  are  not  homogeneotiP.  In  porphyries  bright  pieee« 
of  n  mineral  ctdled  '  orthoolaBe  '  are  often  neen  strewn  ivinongat  the  dark  maws  of  the  roi'k. 
In  ordinary  red  gnmite  it  in  eaity  to  dihtinguish  hirge  pieces  of  orthoclase  mixed  with 
dark  «emi  transparent  qunrtK  and  flexible  kniinte  of  mica.  Nor  are  planta  and  animiilii 
homogeneous.  Thuft  leaves  are  com].>infied  of  w  Hkin,  fibres  pulp,  sap,  and  a  green  colouring 
mittter.  Tliis  in  clearly  aeen  by  examining  nnder  a  microBcope  a  thin  slice  cut  off  a  leaf. 
Ai  an  example  of  tho»e  non-hnniogeneonN  HubHtanceN  which  are  produced  artificially, 
gunpowder  may  be  cited,  which  in  prepared  by  mixing  together  knowii  proportionfl  of 
sulphur,  nitre*  and  charcoal.  Many  liquids^  alHo,  are  not  hotnogeneous,  as  may  be  observed 
by  the  aid  of  the  raieromcopc,  when  dropH  of  bh>«d  are  seen  to  consist  of  a  colourleai 
liquid  in  which  red  corpasculeR,  invisible  to  the  imke<l  eye  owing  to  their  email  size,  are 
floating  about.  It  is  tbese  e^jrpuscuIeR  which  give  Idood  its  pt»culiar  colour.  Milk  is  al»o 
A  transparent  liqjuid,  in  which  micrnHcnpiral  dropw  of  fat  are  floating,  and  which  ri&e  to  the 
top  when  milk  in  left  at  rent,  forming  cream.  When  the  fat  in  beaten  up  (churned)  the 
neparate  drops  collect  into  one  masH.  It  is  jKissible  to  extract  from  everj'  non- 
homogeneous  Hubntance  those  homogeneous  substances  of  which  it  is  made  np.  Thus 
orthoclasc^  may  be  separated  from  porphyry  hy  hreakuig  it  off.  So  also  gold  i«  extracted 
from  g*dd- hearing  sand  by  wawbing  awn y  the  mixture  of  clay  and  sand.  ("hcmiBtry  deals 
oiily  with  the  homogeneous  Hubntance«  met  with  in  nature,  or  extracted  from  natural  or 
artificial  non-homogeneons  Bubntance.  The  various  mixtures  found  in  nature  form  the 
•objects  of  other  natural  sciences — aw  geogn*»Ky,  botanVf  iotdogy,  anatomy,  A'c. 

*  All  those  events  wliich  are  accomplished  l>y  flubstanceK  in  time,  ftre  termed  '  pheno- 
mena.' Phenonaena  in  themselves  form  the  fiindamenta)  iubject  of  the  study  of  physics* 
Movement  is  the  primary  and  most  generally  understood  form  of  phenomenon,  and  there* 
fore  we  endeavour  to  reason  about  other  phenomena  as  clearly  as  when  dealing  with  move* 


chfttige  or  reaction,^  as  it  m  called,  can  only  take  place  under  a  condi- 
tion of  most  intimate  and  close  contact  of  the  reacting  substances,"*  and 
is  determined  by  the  forces  proper  to  the  smallest  invisible  particles 
(molecules)  of  matter.  We  must  distinguisli  three  chief  classes  of 
chemical  transformations* 

1.  Cotnbinalion  is  a  reaction  in  which  the  union  of  two  substances 
yields  a  new  one^  or  in  general  terniii,  from  a  given  number  of  sub- 
stances  a  lesser  number  is  prod  need.  Thus^  by  heating  a  mixture  of 
iFan  and  sulphur'^  a  single  new  subs  tin  ee  b  prcKluced,  iron  sulphide,  in 
which  the  constituent  substances  cannot  be  distinguished  even  by  the 
highest  magnifying  power.  Before  the  rejictiou^  the  iron  could  be 
separated  from  the  mixture  by  a  magnet,  and  the  ^sulphur  by  disM>lving 
it  in  certain  <»ily  litjuids  ;  ^  iu  general,  before  combination  they  might 
be  mechanically  separatetl  from  each  other,  but  aftei'  combination  both 
substances  penetrate  int<i  each  other,  and  are  then  neither  mechanically 
separable  nor  indiviilually  distinguishable.  As  a  rule,  reactions  of 
diFBct  combination  are  accompanied  by  an  evolution  of  heat,  and  the 
common  case  of  combustion,  evi living  heat,  consists  in  the  comliination 
of  combustible  substances  with  a  portion  (uxygen)  of  the  atmosphere, 

oieiit,  Tlierelare,  meohmiicft,  wliieb  treiitfli  of  fnovemeni,  forma  Lhe  frnidainentiLl  scienci* 
of  tuiitmU  philosophy,  and  all  other  Hciencen  endeiiTOiir  to  reduce  th«  pbeimmena  with 
vhich  their  ^^^  coucemed  to  mvchftincaJ  principles,  Afitrotiomy  wiiH  the  firtit  Lo  htke 
to  Ihii  pKih  of  reasonings  and  «nceeedeii  in  Tminy  caneN  in  reducing  H**trt)nnnueiil  to 
porelj  mechanical  pbenomenu.  Cliemistry  tuid  pbyHie»j  pbysitilojo  and  biuUigy  »ire 
firoceediag  iu  the  same  direction^ 

*  The  ^'erh  *to  react*  ntneuifl  to  Mtt  orchiiiige  ebemioally. 

^  II  ft  phenomenon  proceeds  at  viniible  or  Tn«ii.tinrable  distances  {o,»^  for  insiance, 
magDelic  attnu-'tion  or  gravityli  it  cannot  be  ascribed  tci  i  hetnital  phi:numenH+  which  are 
onfy  ftccampliAhed  at  distances  immeasnmhiy  ^mall  and  undititingniHtudde  Ut  tbf?  eye  or 

» iaicr<oaco{ie ;  that  is  to  tay^  which  belong  to  the  number  of  purely  molecular  pheno- 
When  a  change  of  material  i«.  accomplished  within  a  hubHt^uicc  wit  bout  visible 
Of  the  interference  of  foreign  niHttf  r«  (for  inntance,  when  new  win*'  '  rtge» '  by 
keppift}?^  and  requires  a  peculiar  aroma),  it  may  be  claiifled  lU*  a  chemical  pbt'iitunenon  ;  but 
Uie  ordinary  cases  of  chemical  reaction  are  aceomplifhed  by  the  mutual  action  of  different 
ctlb»t«nce«  which,  previously  free,  on  reaction  motually  permeate  eaeh  fitber. 

'•  For  tluB  pnrpofte  a  piece  of  iron  may  be  made  retl  lint  in  a  KOiilh'w  furnace,  and  tlien 
plinced  in  contact  witli  a  lump  of  sulphur,  when  iron  Kulphide  will  he  obtained  as  a 
molten  liquid,  the  combination  Ijeiug  accompanied  by  a  risible  increase  in  the  glow  of 
the  iron.  Or  else  iron  filings*  art*  mixed  with  powdered  wulphnr  in  the  proportion  of 
§  pftfts  of  iron  to  3  parta  of  Hulpbur,  and  the  mixture  placed  in  a  gla««  tuhe^  which  ih 
Umui  partially  heated.  Combination  doe^i  not  commence  without  the  aid  of  external 
liaat,  btit  when  once  stiirted  in  any  portion  of  tbe  mixture  it  extendi  tlirougliutit  the 
CQlice  nuuis,  li€*caufte  the  portion  first  heat^jd  fvolveft  nafiicient  bemt  in  fonning  iron 
«itlpliid<  to  raise  the  adjacent  parts  of  the  mixtare  t«  the  temperature  required  for 
•lAftitif  tbe  reaction.  'Die  ris«i  in  temperature  thuf*  obtained  is  do  high  as  to  soften  tlie 
^a«alube< 

'  BnSpht&r  is  slightly  aolnble  iu  many  thin  oils ;  it  is  very  soluble  in  carbon  biaulpbide 
mhI  in  wmie  other  liquids.  Iron  is  insoluble  in  carbon  bisulpliide,  and  therefort^  the 
•alphnr  can  be  dittsolved  away  from  tbe  irrm. 
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the  gases  find  vapours  contained  in  the  stiiokf  bein;^^  the  products  o! 
comhi  nation. 

*1.  Reactions  of  deromposition  are  eases  the  reverse  to  those  of 
comhination,  that  is,  in  which  one  substance  gives  two—  or,  in  grenenil,  a 
p^ivf^n  number  <>f  substances  a  ;jrr eater  number.  Thu.H,  by  heating  \vood 
(antl  also  coal  anti  many  animal  or  vegetable  sul>st*inces)  \^'ithout  acce^ss 
to  air,  a  combustible  gas,  a  watery  liquid,  tar,  and  cm'bt»n  are  obtiuned. 
It  is  in  tliis  way  that  tar,  lighting  gas,  and  charcoal  are  prepared  on  a 
large  scale. ^  AH  limestones,  for  example,  flagst<:ines,  chalk,  or  marble, 
are  decomposed  by  heating  to  redness  into  lime  an<l  a  peculiar  gas 
called  carbonic  anhytlrifle.  A  similar  decomposition,  taking  place, 
however,  at  a  much  lower  temperature,  proceeils  witii  the  gi-een  copper 
carlionate  which  enters  into  the  composition  of  maharhite.  This  ex- 
ample will  be  studied  more  in  detail  presently.  Whilst  heat  is  evoh^ed 
in  the  ordinary  reactions  of  combination,  it  is,  on  the  contrary,  con- 
suiueil  in  tJie  reactions  of  decomposition. 

3,  The  third  class  of  chemical  reactions — ^wliere  the  number  of  acting 
substances  is  equal  to  the  number  of  substances  formed— consists,  as  it 
were,  of  an  association  of  ilecompositiou  and  combination.  If,  for 
instance,  twt>  compoumls  A  and  B  are  taken  and  thej  react  on  each 
other  to  form  the  substances  C  and  I),  then  supposing  that  A  is  de- 
composed into  D  and  E,  and  that  E  condjines  with  H  to  form  C»  we 
have  a  reaction  in  which  two  substances  A,  or  D  E,  and  B  were  taken 
and  two  others  C,  (jr  E  B^  and  D  were  produced*  Such  reaetitms  ouglit 
to  be  placed  under  the  general  term  of  i-eactions  of  '  renrrangf'mmt^' 
and  the  particular  case  whei-e  two  substances  give  two  fresh  ones, 
reactions  of  '  s^thstUntwfi.''-^  ThMs^  if  a  piece  of  ii'tm  be  immei*sed  in  a 
solution  of  blue  vitriol  (copper  sulphate),  copper  is  formed— or,  i-ather, 
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i  Bceompoiiitinii  wf  tliisi  kiwi  U  termed  *dry  difttilUtioii '  bec-aiUMe,  ila  iti  distillatioQ, 
the  lubtttBttiue  ts  h**At*?<l  imd  vapours  ivrc^  ^\vt*n  off  wliicli,  iin  ctMjliiig,  condeaae  into 
liquids.  Tti  geiieniK  decom|jo»Jtipn,  in  nhAnrbiny  lu^utT  [ireHeiits  iiiueli  in  eommoa  tO  A 
phyiiiicttl  flmiige  of  ntjitt^ — auch  »is^  for  exaiupl«j  thttit  of  n  Itqiiiifi  iut«  a  gas.  Devil3e 
likfived  compleU''  decoiu|)<»Hit.joii  to  boiliu^r,  and  comjiAred  pttrtial  dt>cc)mpHi»itioii,  when  a 
portion  nf  a  HubiitaiRO  ih  not  decoinpo^e^l  in  tlie  preH-etice  of  ita  prrvductsof  deoompoBJition 
for  rli^AiH-iiition),  to  evUi|ionition. 

^  A  reuctioti  of  retLrraiigemecit  may  in  certjun  c&ses  take  place  with  one  »iibstance 
only;  that  is  i*y  8Jiy,  a  siilmtance  may  by  it§t;lf  change  into  a  new  iHomeric  fomi.  Thusr 
for  exiunple,  if  hard  yellow  »ulplnir  be  heated  to  a  temperature  of  *i»1t(  and  then  iMJured 
into  cold  wator  it  givtin^  on  coolings  a  soft,  brown  variety.  Ordinary  phcujphoru&T  whieh 
i»  transparent,  poiaonoijH,  and  phoHphorent'ent  in  the  dark  I  in  airj,  |«riveH^  after  being 
heated  at  *27tF  on  au  atmueplHTu  incapttble  of  Hnpportinj^  eonibnstifin,  hucIj  a»  J4t<*ttm),  an 
opaque,  rtid*  and  noii-poJHonoUH  iwimeric  v^vrietv,  which  is  not  phoHjdioreBC'ynt*  Caa<9i  of 
iKomeriiiin  [toint  out  the  jtoHaihihly  of  an  internal  rearrangeint+nt  in  a  Nubetance,  Bjid  are 
the  result  of  an  alteration  in  the  t^rouping  of  the  same  elenientn,  jtiHt  as  a  certain  number 
of  balls  maybe  i^rouped  in  figures  and  forma  of  diifferent  ahapeM  and  of  various  propertiea. 
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separated  out,  and  green  vitnol  (iron  sulphate,  which  only  differs  from 
the  blue  vitriol  in  that  the  iron  has  replaced  the  copper)  is  obtained  in 
solution.  In  this  manner  iron  may  be  coated  with  copper,  so  also  copper 
with  silver ;  such  reactions  are  frequently  made  use  of  in  practice. 

The  majority  of  the  chemical  changes  accomplished  in  nature  and 
the  arts  are  very  complicated,  as  they  consist  of  an  association  of  many 
separate  and  simultaneous  combinations,  decompositions,  and  replace- 
ments. In  this  natural  complexity  of  chemical  phenomena  is  discovered 
the  chief  reason  why  for  so  many  centuries  chemistry  did  not  exist  as 
an  exact  science  ;  that  is  to  say,  that  although  many  chemical  changes 
were  known  and  made  use  of,*®  yet  their  real  nature  was  unknown,  nor 
could  they  be  foreseen  or  directed  at  will.  Another  reason  for  the 
tardy  progress  of  chemical  knowledge  is  the  participation  of  gaseous 
substances,  especially  air,  in  many  reactions.  The  true  comprehension 
of  air  as  a  ponderable  substance,  and  of  gases  in  general  as  peculiar  elastic 
and  dispersive  states  of  matter,  was  only  arrived  at  in  the  sixteenth  and 
seventeenth  centuries,  and  it  was  only  after  this  that  the  transformations 
of  substances  could  form  a  science.  Up  to  that  time,  without  under- 
standing the  invisible  and  yet  ponderable  gaseous  and  vaporous  states 
of  substances,  it  was  impossible  to  form  any  fundament^il  chemical 
evidence,  because  gases  escaped  from  notice  between  the  acting  and 
resultant  substances.  It  is  easy  from  the  impression  conveyed  to  us  by 
the  phenomena  we  observe  to  form  the  opinion  that  matter  is  created 
and  destroyed  :  a  whole  mass  of  trees  burn,  and  there  only  remains  a 
little  charcoal  and  ash,  whilst  from  one  small  seed  there  grows  little 
by  little  a  majestic  tree.  In  one  case  matter  seems  to  be  destroyed,  and 
in  the  other  to  be  created.  This  conclusion  is  arrived  at  Ijecause  the 
formation  or  consumption  of  gases,  being  under  the  circumstances 
invisible  to  the  eye,  is  not  noted.  When  wood  burns  it  undergoes  a 
chemical  change  into  gaseous  products,  which  escape  as  smoke.  A  very 
simple  experiment  will  prove  this.  By  collecting  the  smoke  it  may  be 
observed  that  it  contains  gases  which  differ  entirely  from  air,  being 
incapable  of  supporting  combustion  or  respiration.  These  gases  may 
be  weighed,  and  it  will  then  be  seen  that  their  weight  exceeds  that  of 
the  wood  taken.  This  increase  in  weight  arises  from  the  fact  that,  in 
burning,  the  component  parts  of  the  wood  combine  with  a  portion  of 
the  air ;  in  like  manner  iron  increases  in  weight  by  rusting.  In  burn- 
ing gunpowder  its  substance  is  not  destroyed,  but  only  converted  into 
gases  and  smoke.     So  also  in  the  growth  of  a  tree  ;    the  seed  does  not 

*®  Thus  the  ancients  knew  how  to  convert  the  juice  of  grapeu  containing  the  saccharine 
principle  (glucose)  into  wine  or  vinegar,  or  how  to  extract  inetalH  from  the  ores  which 
are  found  in  the  earth's  crust,  and  how  to  prepare  glass  from  earthy  substanceH. 
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iiicreaMe  in  mas**  of  itself  and  from  itself,  l>ut  it  grows  because  it  absorbs 
gases  fmni  tht^  atmoaphere  and  huoks  water  and  substances  dissolved 
therein  from  the  earth  through  its  ixjots.  The  siip  and  solid  substances 
which  give  plant.s  their  form  are  produced  from  these  absorljed  gases 
and  liquids  l»y  complicated  chemical  procei^ses.  The  ^ases  and  liquids 
ai*e  converted  into  solid  substances  by  tiie  plants  themselves.  Plants 
not  only  do  n^>t  increase  in  size,  but  die,  in  a  gas  which  does  not  contain 
the  constituents  of  air,  When  nnnst  subat^inces  dry  they  decrease  in 
wt^ighti ;  when  wat^r  evaporates  we  know  tlmt  it  does  not  disapj>ear, 
but  will  return  from  the  atmosphere  as  rain,  dew,  ami  snow.  When 
water  is  absorljed  by  the  earth,  it  df>es  not  disappear  there  foi^  ever,  but 
accumulates  somewhere  underground,  from  whence  it  afterwards  tlows 
forth  as  a  spring.  Thus  matter  does  not  disappear  and  m  not  created, 
but  only  undergoes  various  physical  and  chemical  transformations^that 
is  to  say,  changes  it?*  locality  and  form.  Jtlatter  remains  on  the  earth 
ill  the  same  quantity  as  Ijefore  ;  in  a  word  it  la^  as  far  as  we  are  con- 
cerned, everlasting.  Jt  was  difficult  to  submit  this  simple  and  primary 
truth  of  chemistry  to  investigation,  but  when  once  made  clear  it  rapidly 
spread,  and  now  seems  a,s  natui^l  and  simple  as  many  truths  which 
have  been  acknowledged  for  ages,  Marii*tte  and  other  sa\'ants  «if  the 
seventeenth  century  already  suspected  the  existence  of  the  law  of  the 
indestructibility  of  matter,  but  they  made  no  etforts  to  express  it  or  to 
apply  it  to  the  ends  of  science.  The  experiments  by  means  of  which 
this  simple  law  was  arrived  at  were  made  during  the  latter  half  of  the 
last  century  by  the  founder  of  contemporary  chemistry*  Lavoisier ^  the 
French  Academician  and  mayor.  Tlie  numertjus  experiments  of  this 
savant  were  conducted  with  the  aid  of  the  balance,  which  is  the  only 
means  of  directly  and  accunitely  determining  the  ijuantity  of  matter. 

Lfivoisier  foun*!,  by  weighing  all  the  substant*es,  and  even  the 
apparatus,  used  in  every  experi merit,  and  then  weighing  the  sybstances 
obtained  after  the  cheTrucal  change,  that  the  sum  of  the  weights  of  the 
substances  formed  whs  always  equal  to  the  sum  of  the  weights  of  the 
sultstajices  taken  ;  in\  in  other  woitU  :  Matter  is  not  cheated  axd 
noES  NOT^  disappear^  or  that,  7tiatt^r  is  ^vfrhtadiu/,  Tliis  expression 
naturally  includes  a  hypothesis,  but  our  only  aim  in  using  it  is  to  con- 
cisely express  the  following  leugtiiy  pericKl — That  in  all  experiments, 
and  in  all  the  investigatal  phenomena  i^f  natui-e,  it  has  never  been 
observed  that  the  weight  of  the  sul>stances  formed  was  less  or  greater 
{as  far  as  accui'acy  of  weighing  permits)  than  the  weight  of  the  sul*- 
stances  originally  taken,  nnd  iln   weight   is  proportional  to   mass^'   or 


I 


I 


o  The  iilea  of  the  mui«  of  ttrnttt^r  waH  tin^t  shaped  iiitoiLU  e^cact  form  by  Galileo  (died 
1048),  ant!  more  egpeciallj  by  NcwUui  thorn  1048,  dit?d  1727),  in  the  glorious*  e[R»t'li  of  the 
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quantity  of  matter,  it  follows  that  no  one  has  ever  succeeded  in  observ- 
ing a  disappearance  of  matter  or  its  appearance  in  fresh  quantities. 
The  law  of  the  indestructibility  of  matter  endows  all  chemical  investi- 
gations with  exactitude,  as,  on  its  basis,  an  equation  may  be  formed  for 
every  chemical  reaction.  If  in  any  reaction  the  weights  of  the  sub- 
stances taken  be  designated  by  the  letters  A,  B,  C,  <kc.,  and  the 
weights  of  the  substances  formed  by  the  letters  M,  N,  O,  ckc,  then 

A  +  B   +  C   +    =:  M  +  N   +   O  4-    

Therefore,  should  the  weight  of  one  of  the  acting  or  resultant  sub- 
stances be  unknown,  it  may  be  determined  by  solving  the  equation. 
The  chemist,  in  applying  the  law  of  the  indestructibility  of  matter, 
must  never  lose  sight  of  any  one  of  the  acting  or  resultant  substances. 
Should  such  an  oversight  be  made,  it  will  at  once  be  remarked  from 
the  sum  of  the  weights  of  the  substances  taken  being  unequal  to  the 
sum  of  the  weights  of  the  substances  formed.  All  the  progress  made 
by  chemistry  during  the  end  of  the  last,  and  in  the  present,  century  is 
entirely  and  immovably  founded  on  the  law  of  the  indestructibility  of 
matter.  It  is  absolutely  necessary  in  beginning  the  study  of  chemistry 
to  become  familiar  with  the  simple  truth  which  is  expressed  by  this 
law,  and  for  this  purpose  several  examples  elucidating  its  application 
will  now  be  cited. 

1.  It  is  well  known  that  iron  rusts  in  damp  air,**^  and  that  when 
heated  to  redness  in  air  it  becomes  coated  with  scoria  (oxide),  having, 
like  rust,  the  appearance  of  an  earthy  substance  resembling  some  of  the 
iron  ores  from  which  metallic  iron  is  extracted.  If  the  iron  is  weighed 
before  and  after  the  formation  of  the  scoria  or  rust,  it  will  be  found 
that  the  metal  has   increased  in  weight  during  the  operation.*^     It 

development  of  the  principled  of  inductive  reasoning  enunciated  by  Bacon  and  Descartes 
in  their  philofwphical  treatises.  Shortly  after  the  death  of  Newton,  LavoiHier,  whose 
fame  in  natural  philosophy  should  rank  with  that  of  Gahleo  and  Newton,  was  bom  on 
August  20,  1748.  The  death  of  Lavoisier  occurred  during  the  Reign  of  Terror  of  the 
French  Revolution,  when  he,  together  with  twenty-six  other  chief  farmers  qi  the  revenue, 
was  guillotined  on  May  8,  1794,  at  Paris,  but  his  works  and  thoughts  have  made  him 
immortal. 

I'  By  covering  iron  with  an  enamel,  or  varnish,  or  with  unrustable  metals  (such  as 
nickel),  or  a  coating  of  paraffin,  or  other  similar  substances,  it  is  protected  from  the  air 
and  moisture,  and  so  kept  from  rusting. 

I''  Such  an  experiment  may  easily  be  made  by  taking  the  finest  (unrusted)  iron  filings 
(ordinary  filings  must  be  first  washed  in  ether,  dried,  and  passed  through  a  very  fine 
sieve).  The  fiUngs  thus  obtained  are  capable  of  burning  directly  in  air  (by  oxidising  or 
forming  rust),  especially  when  they  hang  (are  attracted)  on  a  magnet.  A  compact  piece 
of  iron  does  not  bum  in  air,  but  spongy  iron  glows  and  smoulders  like  tinder.  In 
pm^lring  the  experiment,  a  horse-shoe  magnet  is  fixed,  with  the  poles  downwards,  on  one 
arm  of  a  rather  sensitive  balance,  and  the  iron  filings  are  applied  to  the  magnet  (on  a 
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can  easily  be  prc»vetl  that  this  increase  in  weight  aiul  forniation  of 
earthy  substances  from  the  metal  is  accomplished  at  the  expense  of 
the  atmot>phere,  and  mainly,  as  Lavoisier  provetl,  at  the  expense  of 
that  portion  which  is  called  oxygen,  and,  as  will  afterwards  be 
exphiined,  supports  combustion.  In  fact^  in  a  vacuum,  or  in  gases 
which  do  not  contain  oxygen,  for  instance,  in  hydnigen  or  nitrogen, 
the  iron  neither  rusts  nor  becomes  coated  with  scoria.  Had  the  iron 
not  been  weighed,  the  participation  of  the  oxygen  of  tlie  atmosphei^  in 
its  transformation  into  an  earthy  substance  might  have  easily  passed 
unnoticed,  as  was  formerly  the  case,  when  phenomena  like  the 
alM>ve  were,  for  this  reason,  misunclerstoiML  Tt  is  evident  foom  the 
law  of  the  indestnictibility  of  matter  that  as  the  iron  increases  in 
weight  in  its  conversion  into  rust,  the  latter  must  he  a  more  complex 
substance  than  the  iron  itself,  and  its  form jit ion  is  due  to  a  reacti«>n  of 
combinatioiL  Were  not  this  chemical  change  studied  in  regard  to 
mass,  and  did  we  not  know  of  the  ponderability  of  air,  and  of  its 
capacity  tt*  take  part  in  the  phenomena  of  comVmstion,  we  might  form 
an  entirely  wrong  opinion  about  it,  and  might,  for  instance,  ci insider 
rust  to  be  a  simpler  substance  than  iron,  and  explain  the  formation  of 
T*ust  as  the  i^emoval  of  something  from  the  imn.  Such,  indeed,  was 
tlie  general  opinion  prior  to  I^avoisier,  when  it  waa  held  that  iron  con- 
tained a  certain  nnknown  substance  called  *  phlogiston,'  and  that  rust 
was  iron  tieprived  of  this  supposed  substance. 

2.  Copper  carbi>nate  (in  the  form  of  a  powder,  or  as  the  well-known 
green  mineral  called  *  malachite/  wbicli  is  used  for  making  ormiments, 
or  ixa  an  or-e  for  the  extraction  of  coppei)  changes  into  a  black  sub- 
stance called   *  copper  oxide*   w^hen  heated  to  redness  J*     This  black 

filicet  of  |*a|it"r)  ho  hh  to  fonii  a  beart!  mbMittho  poles.  The  balance  pan  tilioold  be  exactly 
under  the  filii]>;fe  on  the  nuiffnet,  in  order  that  any  whicli  might  hill  from  it  should  not 
(Alter  the  weight.  The  tilinj^n,  hiiviiiii;  been  weighed,  art*  set  Hght  to  by  appljnng  th«  tlajne 
of  ft  tvandle ;  th*  y  ifuNJly  tnke  fire^  and  go  on  burning  by  theuiselve»»^  fonning  mat. 
When  the  eondniHtion  iw  tjuded,  it  will  be  clear  that  the  iron  ha r  increased  in  weight; 
from  5^  partH  i»y  weig]it  of  iron  tilingH  tidcen^  lliere  are  obtained,  by  complete  coai* 
bullion,  7^  parts  by  weight  of  rust.  Cons*njtJently,  if  about  5  jrrams  of  Hlingv  b« 
applied  to  the  nuagnet,  the  increntve  in  weight  will  be  cli-arly  >*een  by  tlie  weights  that  are 
required  to  rt  wtore  egailibrium.  Thii*  exijerinient  proceedn  »o  easily  and  t^uiekly  tliat  ii 
may  be  eonveniejitly  demon Htrat<id^  un  n  prtwif  of  th<j  increase  of  weight  at  the  expense  of 
air  and  of  iti*  tranhformation  into  the  solid  iron-ruwt. 

'*  For  the  purpose  of  ex|>eriment^  it  i«  motjt  convenient  to  titke  copper  carbonate,  pre* 
pared  by  the  i^sperimenter  liimBelf^  by  luhHng  a  ^olutiou  of  f^odium  ciirbonatti  to  a  (solution 
of  copiH^r  hulpluite.  The  precipitnt^i  {deposit!  so  fonned  ii*i  cnllected  on  a  filter,  wa&lied, 
and  dried.  The  deeompnHition  of  copper  rarbonate  into  copper  oxide  iii  ef!eet^?d  by  so 
moderate  *i  bent  thjit  it  may  be  fti.conapiRbed  in  u  glaKs  vcKKel  heivt+nl  by  a  lamp^  For 
this  purf>otie  a  thin  glass  tube^  cloHed  at  one  Hiid,  itnd  called  a  '  tetjt  tube/  nmy  be  em- 
ployed, or  else  a  veKN«l  called  a  *  retort,'  The  exjierimentiH  carried  ori^  a»  dencribed  in  tlie 
third  example  above,  by  collecting  the  cturbonic  anhydride  over  a  water  bath,  a»  will  be 
uittirwardi  expliiiM$dL  ; 


sabsuuioe  is  ako  tibtaisiMi  br  brating  oofifcr  to  redness  in  air — that  WL. 
h  is  the  scoria  or  oxidatioD  f^odnct  oi  cjpfwr.  The  vei^ht  <4  the 
Uack  oxide  <tf  tx^pper  licft  is  ie»  than  that  of  the  copfcr  carbonate 
ori^inaihr  taken,  and  therefore  ve  ean4der  the  reaction  vhidi  occvrred 
to  haTe  been  aoie  <d  decoBfOBtian.  and  that  br  it  sotDCthinc  vai^  sepa- 
rated frtna  the  green  copfcr  ^arbonatCL  and  in  £an  bj  cloai^  the  onfice 
<d  the  vessel  in  vhich  the  ooffxr  carbcciate  is  hnted  vith  a  well- 
^tting  cork,  ihrocsh  vhich  a  sas  dditeiT  tnbe^^  passes  whcise  end  is 
inuMrsed  vnder  vmter,  ii  viH  be  obserFed  that  co  heating  a  ^as  is 
funsed  vhkh  bsbbks  thmsh  the  vater.  This  eu  can  be  ensilj 
cttikcted.  as  viS  (jresenthr  be  de^czibed.  azd  h  wiB  be  f <wnd  to  essoi- 
tiai2j  difler  £rc«D  air  in  sttny  resfiects  :  ice  insiai^ce.  a  bimin^  taper 
is  extinenifihed  in  ii  a«>  if  ii  had  beioQ  pSmai^ed  into  crater.  If  veishin^ 
had  TXft  prored  »  iis  that  sKmat  ssboacpce-  had  becA  separaud.  the 
fonnatian  of  the  xas  misht  flaahr  have  escaped  c«r  ZKMioe,  f-cc  it  is 
cojosr^ess  az^]  irazis|«rec:ii  'Sk^  air,  a^d  i^  iheref<ore  ^^^^^T^ed  vithoat 
anj  strikinf  foajcie.  Tbe  caH.ftanie  acid  sss  eT:^T#d  suaj  be  iredghed  ^ 
azid  it  viH  be  9eie!!:i  that  the  sam  oi  tiie  sneighi^  <tf  ihe  \^^  <^W^ 

SbIk  3»  «llli^'T  UHIil  "fr  iMSfillQ^  TL  A  |3l*  i«   UT  lilt  fHOIat  it  M  ^VITT*  alOigu  KOfi  UMlJ    kJ«»'.    "t*t 

tabe  «2  i&m  |«iini:  v3X^  a  ^uu^'  2«s^  TiabMt  profatr&Msk  ic^!tfUi«r  -vri:^  -Uitiir  jxmttirmti*' 
icIilT.  TsaoMfikJ^mArT.  luoifixieMk.  leaa  Tt^uiasLSiy  f£  tico*:.  Tnnitenr  j'timt  xnuefr  sjue:  XMtihi.  is 

anAftilbeL  or  ciLtMr  ixit«««^  toe  tbetn-  «is<e  iuuk  Qi&uiiJS  Ik.  fix  lo.  i>t<  k  i-etMel.  lOic  MSf  xkC 
««lia*!h-  uxgiemciu*  v  cmk^  A  piMMf  .pikt-  oein'srr  -znttt  1UK7  W  iieniHCitailrT  ±sa!ic  ins*' 
A  TWBiin".  \rT  fmr.rru:  n  nat  b  jierScirtiibttG  ocirkLiriuti  «iicituc  \#e  *ir:  auc  Irtit-  irtm.  ^vfc.  aoti 

pwnifrr   cr  ii  »>  T^pguihcttta  1«t  ux  mdite-mlibtsr  oobx. 

acasfr  sue  T^  cdLmirr  cif  ati*Jiiif  htzll  -uten.  xl  iuxpt^  jnHMmi*^  'uU^  cui  iiuIt  t«e  v^j^i^itfC  t<T 
Ttarr  sahKHL-i-^  ttiaiaitiM- :  iiuC  jk.  il  miciL  i/i+s-  wili  fc  umrtuotiriktik  jimd.  iudio»r*e  t.  i^rr  anrnD 
^zSeBtmat  n.  vtix^n — iiv  ■csMxrqiit^  u  inarupMXL  or  niilUiniui.  vra.  l  juuc  itf  l^tHH-  pMJu^ 
Is  ardc?  ^e  ipei^  n  |imv,  k  ^simm-  ^{«4<^  iixrui«itM«C  will  i»  «liij't'twi:  viuci.  luniC  mr,  jet«k  U) 
aznr  piin.  «ai£  iitentdcirt  luiHa  W  s^hji:  v%L  imcitrtfirt^c  i«-  imr.  (if  nX  t!3>iukQt<'>?c  cif  ui;  l^r  uaa 
jcr-jinng  h  f«p?en^]  jrazu}'  i*  liit  'tf«*«i  .  Ti*e  Kitij-ciKi  it-  uh;i  ujitiifd.  iojc  "Uj*  ♦t^ditiiMfiAid 
^idUt  -«t%)f3kec.       A«-  tbfr  jnt'uumn-  <if  iJit  u:iii*Di?|iii«rt  ifrtn*  in.  "Lu*  i»  iJj*>  tif  -iit  p'.*i«efc.  "ttit^ 

is&encr  jis«fKCX>e«^  t«eicL  If  liit  ^rn*-  ii  t»f  «?«]f3i«c  if  limi.  t^.  iir«v  -Lm  pm#t_  n*  imu(^ 
cas  i*  6e«esu2i>«^  iron,  liit  ui'.a*t!ibMt  11.  t»i»t  ■n'ei^^  iif  tut  pi»i»t  1*.  j*-  iK"j«e*»«»ur7  hvm- 
eT«s.  lius  2^  '.tarqmrtKUm  uuc  jfreMmrt  ii!  lite  tur  ttlKun  Umt  l»taiuiu%  »»tii.mjc  ntsnuus 
ocBtAiux:  icr  "uaci.  iP«i|3i2U|:*^  itf  uk  wtu^an  tif  idtt  ^iit«t  u.  nr  v  il  fc^ctHirdin^  \k  ii>tr  i*i»> 
cf  inrdnisucjct-  -««J7  irisi  ji*  oewurr  Tir  liuunH  i»f  titt  u::  diH}ii»»o«fd.  uuc  nt-  weji^in. 
saua  liiesseiart-  ti»  6tn-«miiiitfC  in  iit>*»errinf  ijie  i*»iii}#«ruliinr  a^-Dhrr}  uuc  niv»iHtnj%  vr.  «i»t 
tOMUusqiitigpt  duruif  iir  -Lm**  iif  -eariieniuttin.    Tuif  vil  i»*-  }»an*>  r::yw.\ii^i  itt-et  i»tr.  nui}  W 

xitM»  c£  A  pi-f  i«^  XHmaL^  QtAemuxHfL  inm.  lU  viuuxim^  uuc  q^h^^i:}    i>r  -:i»<t  v>*^^:ir:  vif  irut 
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oxide  aud  carbonic  acid  gas  is  equal  to  the  weight  of  the  copper  car- 
l>onate^^  originally  taken,  and  thus  by  carefully  following  out  the 
various  st-ages  of  all  ehetnical  I'eactions  we  arrive  at  a  cotitirnmtion  of 
the  law  of  the  indestructibility  of  matter. 

3.  Red  mercury  oxide  (which  is  formetl  as  mercury  scoria  by  heat- 
ing mercury  in  air)  is  decomposed  like  cripper  carbonate  (only  by 
heating  more  slowdy  and  at  a  somewhat  higher  temperature),  with  the 
fonnation  of  the  peculiar  gas,  oxygen.  For  this  purpose  tlie  mercury 
oxide  is  placed  in  a  glass  tul>e  or  retort,  ^'^  to  which,  by  means  of  a  cork, 
a  gas  delivery  tube  is  att^ichetb    This  tul>e  is  bent  downwards,  as  shown 


Fjo.  1*-  ApF»arfttU4  fur  the  <k'caii3fM.«?iitiuij  of  n-l  iiiurLniry  uxiiJe, 

in  the  drawling  {Fig.  1).     The  open  end  of  the  gas  delivery  tul>e  is  im- 
mersed in  a  vessel  tilled  with  water,  called  a  pneumatic  t rough J^    When 

*'  TJr*  cojjjK'r  carboimttt  ahoiild!  bo  rlrifcl  before  weiifhing,  as  otlierwiHtj — Ix^sidub  copfier 
oxide^  Atul  ctarhimic  •mbydride— wrttc?r  will  bt"  obtiiiiiu'd  in  the  d€«iiiniKmiti«in-  Wttt*ir 
fomiH  a  part  of  the  e^trnpoHitioii  iif  tnaliicbite,  aiul  ban  therefore  to  be  tiiken  into  coimidera- 
tiotK  The  wtiteir  pruduced  in  the  decompnhitioii  nmy  be  all  €olleet4?d  by  iibt^trbiiig  it  in 
aulpburic  aeid  or  ruJe iuru  cbloride,  an  Vi'ill  be  dt^Hciiljtd  further  on.  In  f>rd<?i'  to  dry  tt 
Hiilt  it  muNt  he  beuted  at  iilmut  1(^0  until  itti  wfiglii  r^ miiiii>»  (.'un^taiitTor  he  placed  uinler 
alt  air  |)iinip  over  Niilphnric  ueid^  hh  will  alHui  Ite  prenently  dencribed.  An  water  itt  met 
with  abnot^t  everywhere^  nnd  ah  it  'in  abdorWd  by  many  KVlbutiLneeH,  the  {>o«Bibiiity  of  iU 
preneiice  t^hoald  never  be  logt  sii^^ht  of. 

*"  Afl  the  decomijositioii  of  red  oxide  of  fnercury  requiree  »o  high  a  tem|)€rftture,  near 
redneani  bm  to  Htdteti  ordinary  glaa^,  it  In  neeeHHury  for  the  experiment  to  lake  a  retort 
(of  tegt  tube)  matle  of  iiifuHible  iGt^rnnui)  kIiihh,  which  is  able  to  ittand  liij^h  temjH'^ratures 
without  Hoftenin^.  For  the  mime  reason,  the  hunp  UHed  iiiunt  give  a  Htron|<  heat  and  » 
larj^'e  H&nie^  capable  of  enihrneing  the  whole  Unttom  of  the  retort^  which  fihould  bo  As 
timall  a8  poH«iible  for  the  convenience  of  the  ex|>erimfnt, 

'®  The  pneumatic  trough  may  mvturidly  he  nittde  of  Any  mAti.'rial  (ehina,  earthenware^ 
or  met^il,  itxMt  but  tiHually  a  |3;liiHh  one^  at*  Hbown  in  the  dmwing^  i»  uned,  aa  it  oUowh  the 
pTOgreftii  of  experiment  beiii^  better  ohtierved.  For  thia  reatson,  as  well  aj)  the  ease  with 
which  they  are  kept  eleau^  aud  from  the  fact  also  tbat  glaBH  in  not  acted  on  hy  many  nub* 
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as  to  be  evolved  in  the  retort  it  is  obliged,  having  no  other 
outlet,  to  escape  thi^ugh  the  gas  delivery  tuVie  into  th<^  wat^r  In  the 
pneumatic  trough,  and  therefore  its  evolution  will  be  rendered 
\isible  by  the  bubbles  coming  from  this  tube.  In  heating  the  retort 
containing  the  mercury  oxide,  the  air  cont^iined  in  the  apparatus  is 
first  partly  expelled,  owing  to  its  expansion  by  heat,  and  then  the 
peculiar  gas  called  *  oxygen'  is  evolved,  and  may  t>e  easily  collected  as  it 
oomes  off.  For  this  purpose  a  vessel  (an  ordinary  cylinder,  as  in  the 
dmwing)  is  filled  quite  full  with  water  and  its  mouth  closed  ;  it  is  then 
inverted  and  placed  in  this  position  under  the  water  in  the  trough  ; 
the  mouth  is  then  opened.  The  cylinder  will  remain  full  of  water— 
that  ia,  the  water  will  I'emaiii  at  a  higher  level  in  it  than  in  the  sur- 


which  ikffect  otlier  miiieriulti  (for  iiiHiimce,  metaU),  gln^ii  veaseU  of  nil  kiiidn — 
I  m&  retorts,  test  IuWh,  cyltnden*,  be&k»r9p  HilhIch,  ji^lubeM,  Arc. — an?  iireferred  to  Any 
«iber  for  chemk^al  ex:p^riineia».  Gliii«H  veHJW'ls  nmy  be  lientud  without  uuy  danger  if  thv 
foUowitig  |)reeautioii(i  hv  obsentKi :  1st,  they  nliould  be  ni*dt?  of  tliiu  gljui#,  as  otberwige 
tli«y  are  liable  to  cmek  from  th«  bad  heat^eotuliictiug  jjower  of  gla§* ;  'iud,  th«y  shauld  be 
•aiTOnnded  by  a  liquid  ur  with  Band  (Fi^^.  2),  or  »aud  btith  aii  it  ib  caUed  ;  urel^  Hlmuld 


ire.     Tin-  ii[i|i»riitiiiei  in  whicti  tlie  llt|iilrl  Is  »h*tlll<>i  la  coiu 
M'  (ilf  L»  puujpcd  out ;  tbe  licjuia  in  livutetl,  atid  tlie  rw>civi|' 


1  in  a  current  of  hot  gaites  withoat  touching  the  fuel  from  wKieh  tliey  proceed,  or  in 

s  of  a  6mokele»s  lamp.     A  eonimon  candle  or  lainp  foriiiK  a  dejictsit  of  ftoot  on  a 

tM  object  pbbced  in  their  flames.     The  Koot  interft'regwith  tht?  tmuK mission  v(  heat,  and 

•o  a  ghum  vewel  when  covered  with  soot  oftfeii  cr aeki*.     And  fur  thiK  reawm  spirit  lampi*, 

1  irhkJi   bum  with  a  smokeless  fianie,  or  gan  burnert«  of  a  petiuHar  conHtructitm,  are  used. 

yyg  %bt  Bun^en  burner  the  gus   i«  mixed  with  air,  and  hurn«  with  a  noiilumitiouM  und 

fl&me.     On  the  other  hand,  if  aii  ttrdinarj:  lamp  ^J>etr oleum  or  l^eii^ine)  doet 

t  jt  may  be  used  far  heating  a  ghisti  vessel  without  danger^  providcnl  the  glaas  U 

ftUe^  well  above  the  flame  in  the  current  of  hot  ganes.     lu  all  caaet^,  the  heuting  shauld 

be  begun  very  carefully  by  ra««iug  the  temperature  by  degn»e8,  and  not  all  at  omc<Jj  or  the 

,  g^loiia  will  breaks 
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rouutliiig  vessel,  owing  to  the  atmospheric  pressui'e.  The  atmosphere 
pi*esses  on  tlie  surface  of  the  water  in  the  ti-ougli,  and  prevents  the 
water  from  flowing  out  of  the  cylinder.  The  mouth  of  the  cylinder  is 
placed  over  the  end  of  the  ^nvs  dehvery  tube/^'^  and  the  bubbles 
issuing  from  it  will  rise  into  the  cylinder  and  dispktee  the  water  con- 
tained in  it.  Gases  are  generally  collected  in  this  innnner.  When  a 
sufficient  quantity  of  gas  has  accumulated  in  the  cylinder  it  can  lie 
clearly  shown  that  it  is  not  airj  Init  another  gas  which  is  distinguished 
by  its  capacity  for  ^-igorously  supporting  combustion.  In  *>rder  to  show 
this,  the  cylinder  Is  closed^  under  water,  and  removed  from  the  bath  ; 
its  mouth  h  then  turned  upwards,  and  a  smouldering  taper  plunged 
into  it.  As  is  well  known,  a  smouldering  taper  will  be  extinguished  In 
air,  but  in  the  gas  which  is  given  off  from  red  mercuiy  oxide  it  burns 
clearly  and  vigorously,  showing  tl»e  capacity  this  gas  lias  for  \  igr>rously 
supporting  combustion,  and  tlms  enal.iliug  it  to  l>e  ilistinguisbed  from 
air.  It  may  be  observed  in  this  experiment  that,  besides  the  forma- 
tion of  oxygen,  metallic  mercury  is  formed,  and,  being  volatilised  at  the 
high  temperature  rei|uired  for  the?  reaction,  condenses  on  the  cooler  parts 
of  the  retort  as  a  mirror  or  in  gloliules.  Thus  two  substances,  mer- 
cury and  oxygen,  are  obtained  by  heating  red  mercury  oxi<le.  In  this 
reaction,  from  one  substance  two  are  produced — that  is,  decomposition 
ensues.  The  means  of  collecting  ami  investigating  gases  were  already 
known  before  Lavoisier's  time,  but  he  tirst  showed  the  real  part  they 
played  in  the  processes  of  many  chemical  changes  which  befoi\^  his  era 
were  either  wrongly  understood  (as  will  be  aftenvards  explained)  or  were 
not  explained  at  alj,  but  only  observe*!  in  their  superticial  aspects.  This 
experiment  on  retl  mercury  oxide  has  a  special  significance  in  tlie 
liistory  of  chemistry  contemporaTy  with  Lavoisier,  because  t!ie  oxygen 
gas  whicJi  is  liere  evolved  is  contained  in  tlie  atmosphere,  and  plays  a 
most  irapoKant  part  in  nature,  especially  in  the  respiration  of  animals, 
in  combustion  in  air,  and  in  the  formation  of  rusts  or  scoriae  {earths^  as 
they  were  then  called)  from  metals — that  is,  of  earthy  substances,  like  the 
oi*es  from  which  metals  iire  extracted.  The  law  of  the  indestructibility 
of  matter  could  not  be  discovered  r»r  confirmed  by  the  balance  until  the 
part  played  by  the  atmosphere  as  regards  the  participation  of  its  oxygen 
in  the  numerous  chemical  phenomena,  known  either  from  the  everyday 
experiences  of  life  (combustion^  respiration)  or  from  the  researches  of 


^  In  nriler  t<i  nvoidthe  jieeessity  of  holding  the  eylimler,  itn  open  t**ld  jh  witlened  (iind 
ulfto  gruuiid  m  tluit  it  inny  W  clostjly  crovt-tcd  with  a  grouiicl^KlusH  [iliite  when  iit't^dfuJl,  and 
pliiecd  on  ii  ntund  below  the  level  of  i\w  water  in  the  bivth,  Thii*  stftiid  iw  enUed  '  thn  bridge,* 
It  hut.  iveseriiJ  tii'oubiropfningiicut  thron^'h  it*  and  thf  gas  delivery  tube  is  pbired  nnder 
one  of  Ihffie,  iihd  the  cyhtidi^r  for  collecting  the  ga»  oirer  iL 
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previous  observers  (the  transformations  of  the  metals  into  their  earths 
or  oxides),  had  been  explained. 

4.  In  order  to  illustrate  by  experiment  one  more  example  of 
chemical  change  and  the  application  of  the  law  of  the  indestructi- 
bility of  matter,  we  will  take  some  common  table  salt  and  lunar 
caustic,  which  is  well  known  from  its  use  in  cauterising  wounds.  By 
taking  a  clear  solution  of  each  and  mixing  them  together,  it  will  at 
once  be  remarked  that  a  solid  white  substance  is  formed,  which  settles 
to  the  bottom  of  the  vessel,  and  is  insoluble  in  water.  This  substance 
may  be  separated  from  the  solution  by  filtering  ;  it  is  then  found  to  be 
an  entirely  different  substance  from  either  of  those  taken  originally 
in  the  solutions.  This  is  evident  from  the  fact  that  it  does  not 
dissolve  in  water.  On  evaporating  the  liquid  which  passed  through 
the  filter,  it  will  be  found  to  contain  a  new  substance  unlike  either 
table  salt  or  lunar  caustic,  but,  like  them,  soluble  in  water.  Thus 
table  salt  and  lunar  caustic,  two  substances  soluble  in  water,  being 
taken,  by  their  mutual  chemical  action  produced  two  new  substances, 
one  insoluble  in  water,  and  the  other  remaining  in  solution.  Here, 
from  two  substances  two  others  are  obtained,  consequently  there 
occurred  a  reaction  of  substitution.  The  water  served  only  to  convert 
the  acting  substances  into  a  liquid  and  mobile  state.  If  the  lunar  caustic 
and  salt  be  dried  **  and  weighed,  and  if  about  58^  parts  by  weight — for 
instance,  grams  ^'^ — of  salt  and  170  grams  of  lunar  caustic  be  taken, 
then  143^  grams  of  insoluble  silver  chloride  and  85  grams  of  sodium 
nitrate  will  be  obtained.  The  sum  of  the  weights  of  the  acting  and 
resultant  substances  are  seen  to  be  similar  and  equal  to  228i  grams, 
as  necessarily  follows  from  the  law  of  the  indestructibility  of 
matter. 

»i  Drying  iB  necessary  in  order  to  remove  any  water  which  may  be  held  in  the  gaits 
{»ee  Note  17).  If  the  original  and  resultant  substances  be  dried,  then  the  water 
employed  for  solution,  and  which  is  removed  in  drying,  may  be  taken  in  indefinite 
quantities.  ^ 

**  The  exact  weights  of  the  acting  and  resulting  substances  are  determined  with  the 
greatest  difficulty,  not  only  from  the  possible  inexactitude  of  the  balance  (every  weighing 
is  only  correct  within  the  limits  of  the  sensitiveness  of  the  balance)  and  weights  used 
in  weighing,  not  only  from  the  difficulty  in  making  corrections  for  the  weight  of  air  dis- 
placed by  the  vessels  holding  the  substances  weighed  and  by  the  weights  themselves, 
but  also  from  the  hygroscopic  nature  of  many  substances  (and  vessels)  causing  absorption 
of  moisture  from  the  atmosphere,  and  from  tlie  difficulty  in  not  losing  any  of  the  substance 
to  be  weighed  in  the  many  operations  (filtering,  evaporating,  and  drj-ing,  itc.)  which  have  to 
be  gone  through  before  arriving  at  a  final  result.  All  these  circumstances  have  to  be 
taken  into  consideration  in  exact  researches,  and  their  elimination  requires  very  many 
special  precautions  which  are  impracticable  in  preliminar}'  exi>eriments ;  these  arrive 
within  only  a  certain  comi>aratively  rough  proximity  to  those  weights  (expressed  by 
chemical  formulae)  which  (all  with  a  certain,  definite,  and  inevitable  error)  correspond 
with  reality. 
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Havin*?  accept-ed  the  truth  «if  the  aljcivo  law,  the  qiie^ian  in* 
vi)liintiirily  arises  whether  there  in  any  liinit  Uy  the  \arioas  chemical 
transfonnations,  or  are  they  unrestncted  in  nuwilier  —that  is  Ui  say,  is 
it  possible  from  a  given  substance  to  obtain  an  equivalent  quantity  of 
all  other  substances  ?  In  other  wortls,  dries  there  exist  a  perpetual  and 
infinite  chant^e  i>f  <»ne  kind  of  material  into  all  other  kinds^  or  i«  the 
cycle  t>f  these  transfonnations  lijnited  ?  Tbiy  is  the  second  essentia) 
problem  of  Chemistry,  a  question  of  quality  of  matter,  and  one,  it  is 
eviilent,  which  is  more  complieat^jd  than  tlie  question  nf  quantity.  It 
cannot  Ije  resolved  by  a  mere  superficial  glance  at  the  subject.  Indeed, 
on  seeing  how  all  the  varied  forms  and  colours  of  plants  are  built  up  f  lYjm 
air  and  the  elements  of  thesfal,  and  how  metallic  iron  can  be  tmnsformed 
int<»  dyes,  such  as  inks  and  Prussian  bhie,  we  mijL^ht  l>e  led  to  think 
that  thei'e  is  no  end  to  the  qualitative  changes  to  which  matter  is 
susceptible.  But,  on  the  other  hand,  the  everyday  experiences  of  life 
compel  us  tn  acknowle<lge  that  fo^nl  cannot  l>t?  made  out  of  a  st^me,  or 
gold  out  of  eoppei*.  Thus  a  definite  an.swer  can  only  be  looked  for  in 
a  close  and  diligent  study  of  the  subject,  and  the  problem  has  been  re- 
solved in  different  ways  at  diffei^nt  times.  In  ancient  times  the 
opinion  mitst  generally  hehl  was  that  everything  visible  was  composed 
of  four  elements— Air,  Water,  Earth,  and  Fire.  The  origin  of  this 
doctrine  can  be  traced  far  back  into  the  confines  of  Asia,  whence 
it  was  hande<l  down  to  the  Greeks,  and  most  fully  expounded  by 
Enipefhx4es,  who  lived  before  460  B.r.  By  accepting  so  small  a 
nuntber  of  elements  it  was  easy  in  arnve  at  the  eonclusiDn  that  the 
cycle  of  chemical  changes  was,  if  not  infinite^  at  all  events  most  exten- 
sive. Tbisrl<>ctrine  was  not  arrived  at  by  the  results  of  exact  resetirch, 
but  was  only  founded  on  the  speculations  of  philosophers.  It  appa- 
rently owes  its  ongin  to  the  cle^ir  dii  ision  of  bodies  into  gases  (like 
air),  liquids  (like  water),  and  solids  (like  the  earth)*  It  seems  that 
the  Arabs  wei-e  the  tirat  who  tried  to  s<>lve  the  question  by  nieans  of 
etperiment,  and  they  intn^luced,  through  Spain,  the  taste  for  the 
Btudy  I  if  sinular  pi^iblems  into  Eun>j)e,  where  from  that  time  there 
appear  many  ade]>ts  in  chemistry,  which  was  considered  as  an  unlioly 
art,  and  caOetl  *  alchemy**  As  the  alchemists  were  ignorant  of  any 
exact  or  strict  law  which  could  guide  them  in  their  i-esejirches,  they  re- 
solve*! the  question  of  the  transformation  of  substances  in  a  most  varied 
manner*.  Their  clrief  sei^vice  t**  chemistiy  was  that  they  made  a 
numljer  of  experiments^,  and  disctivered  many  new  chemical  trans- 
formatifrns  ;  but  it  is  well  knowr^  liow  they  solved  the  fundamental 
probleni  of  chemistry.  Their  view  may  l>e  tiken  as  a  positive  acknow- 
ledgment of  the  infinite  transmutability  of  matter,  for  they  aimed  at 
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discovering  the  Philosopher's  Stone,  capable  of  converting  everything 
into  gold  and  diamonds,  and  of  making  the  old  young  again.  This 
solution  of  the  question  was  afterwards  most  decidedly  refuted,  bat  it 
must  not,  for  tiiis  reason,  be  thought  that  the  hopes  held  by  the 
aldiemists  were  only  the  fruit  of  their  imaginations.  On  the  contrary, 
the  first  chemical  experiments  might  well  lead  them  to  their  conclusion. 
They  took,  for  instance,  the  bright  metallic  mineral  galena,  and  they 
extracted  metallic  lead  from  it.  Thus  they  saw  that  from  a  metallic 
substance  which  is  unfitted  for  use  they  could  obtain  another  metallic 
substance  which  is  ductile  and  valuable  for  many  uses  in  the  arts. 
Furthermore,  they  took  this  lead  and  obtained  silver,  a  stiU  more 
valuable  metal,  from  it.  Thus  Uiey  might  easily  conclude  that  it  was 
possible  to  ennoble  metals  by  means  of  a  whole  series  of  transmutations 
— that  is  to  say,  to  obtain  from  them  those  which  are  more  and  more 
precious.  Having  got  silver  from  lead,  they  only  aimed  at  getting  gold 
from  sOver.  The  mistake  they  made  was  that  they  never  weighed  or 
measured  the  substances  used  or  produced  in  their  experiments.  Had 
they  done  so,  they  would  have  learnt  that  the  weight  of  the  lead  was 
much  less  than  that  of  the  galena  from  which  it  was  obtained,  and  the 
weight  of  the  silver  infinitesimal  compared  with  that  of  the  lead.  Had 
they  looked  more  closely  into  the  process  of  the  extraction  of  the  silver 
from  lead  (and  now  silver  is  chiefly  obtained  from  the  lead  ores)  they 
would  have  seen  that  the  lead  does  not  change  into  silver,  but  that  it 
only  contains  a  certain  small  quantity  of  it,  and  this  amount  haWng 
once  been  separated  from  the  lead  it  cannot  by  any  further  operation 
give  more.  The  silver  which  the  alchemists  extracted  from  the  lead 
was  in  the  lead,  and  was  not  obtained  by  a  chemical  change  of  the  lead 
itself.  This  is  now  well  known  from  experiment,  but  the  first  view  of 
the  nature  of  the  process  was  very  likely  to  be  erroneous."  The 
methods  of  research  adopted  by  the  alchemists  could  not  but  give  little 

B  Besides  which,  in  the  majority  of  casefs  the  first  jadgment  on  most  subjects  which 
do  not  repeat  themselves  in  everyday  experience  under  various  aspects,  but  always  in  one 
fomL,  oir  only  at  intervals  and  infrequently,  is  usually  untrue.  Thus  the  daily  evidence 
of  the  rising  of  ihe  sun  and  stars  evokes  the  erroneous  idea  that  the  heavens  move  and 
the  earth  stands  still.  This  apparent  truth  is  far  from  being  the  real  truth,  and  is  even 
oontradiciory  to  it.  Similarly,  an  ordinary  mind  and  everyday  experience  concludes  that 
ircm  is  incombustible,  whereas  it  bums  not  only  as  filings,  but  even  as  wire,  as  we  shall 
afterwards  see.  With  the  progress  of  knowledge  very  many  primitive  prejudices  have 
been  obliged  to  give  way  to  true  ideas  which  have  been  verified  by  experiment.  In  ordi- 
nary life  we  often  reason  at  first  sight  with  perfect  trath,  only  because  we  are  taught  a 
right  judgment  by  our  daily  experience.  It  is  a  necessary  consequence  of  the  nature  of 
our  minds  to  reach  the  attainment  of  truth  through  elementary  and  often  erroneous 
reasoning  and  through  experiment,  and  it  would  be  very  wrong  to  expect  a  knowledge  of 
truth  from  a  simple  mental  effort.  Naturally,  experiment  itself  cannot  give  truth,  but  it 
gives  the  means  of  destroying  erroneous  reiN*e8entations  whilst  confirming  those  which 
are  true  in  all  their  oonaeqnenoes. 
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buccens,  for  they  groped  in  the  dark,  making  all  kiiuls  of  mixtui^s  and^ 
experimenti^,  without  setting  themselves  clear  and  simple  cjuestions 
whose  aiLSwei-s  would  ai*l  them  U*  make  further  pnigress.  Thus  they 
did  not  form  one  exact  law,  but,  nevertheless,  they  left  numerous  and 
useful  experimentiil  data  hs  an  inheritance  to  chen^iFtry ;  they  studied, 
in  particular,  the  tnuisfm-iuntutus  proper  to  laerals^  and  for  this  I'easim 
chemistry  was  for  long  afterwards  entirely  routined  t«*  the  study  of 
metaJ  lie  su  1  >sta  nces , 

In  their  researehes,  the  ak-hemists  frt^(|Uently  made  use  nf  two 
chemical  pr<»eesses  which  are  now  ti-'rmed  *  reduction  '  and  *  tixitlation.' 
The  rusting  of  metals,  and  in  general  their  conversion  from  a  metallio 
into  an  earthy  form,  is  called  'oxidation/  whilst  the  extraction  of  a 
metal  from  an  earthy  substance  is  called  '  re^luction.'  A  large  niiml>er 
ill  metal s~f or  instance,  injii,  lead,  and  tin— are  oxidised  by  heating  in 
air  alone,  and  may  be  again  re<lu€ed  by  heating  with  c^irbon.  Huch  oxi- 
tlised  metiils  are  found  in  the  earth,  and  form  the  majtirity  of  metallic 
ores.  The  metals,  such  as  fin,  ii'on,  ami  ctipper,  may  be  extracted  from 
these  ores  by  heating  them  together  wit!i  carbon.  All  these  processes 
were  well  studied  by  the  alchemists.  It  was  afterwaixls  shown  that 
all  e^irths  and  minerals  are  fiametl  of  sinular  metal  be  rusts  or  oxidea 
or  of  their  combinations.  Thus  the  aklmmists  knew  of  two  forms 
chemical  changes  :  the  oxidation  of  metals  and  the  i-eduetion  of  thi 
oxides  so  fornnxl  into  metfd^v.  The  explanation  of  the  nature  of  thes«» 
two  cljtsses  of  cheniieal  j>henonienii  wrLs  the  menus  for  the  discovery  of 
the  most  imi;»orUnt  chemical  laws.  The  fii-st  hypothesis  on  theii 
nature  is  due  tu  Becker,  and  more  particularly  to  St^dil,  a  surgeon  to 
the  King  of  Prussia^  Stahl  writes  in  bis  *  Fundamenta  Chymiie,' 
1723,  that  all  substances  consist  of  an  im|>ondeml:»Ie  tiery  substance 
called  '  phlogiston  '  (iijateria  aut]>rincipium  ignis  non  ipse  ignis)  juid  of 
another  element  havirtg  particular  i>ro|>er"ties  for  each  substance*  The 
grofiter  the  caimcity  of  a  IkkIv  for  oxidati**n,  or  the  more  condaistihle  it 
is,  the  richer  it  is  in  phlitgiston.  Carlion  contains  it  in  great  abundance 
In  oxidation  or  combustion  phlogiston  is  emitted,  and  in  i*e<luction  il 
is  consumed  or  enters  into  coinbinsition.  Carlwn  retluces  earthy  sub 
stances  because  it  is  rich  in  phlogiston,  and  gi^  es  up  a  portion  of  its 
phlogiston  to  the  substance  reducc*th  Thus  Btah!  supposed  metals 
l>e  compound  substances  consisting  of  pld**giston  and  an  earthy  sul 
stance  or  oxi<lt^.  This  hypothesis  is  distinguished  for  its  very  greai 
simplicity,  and  for  this  and  other  reasons  it  acquii-ed  many  supporters.** 

**  It  isi  true  tliHt  Btitld  whb  Acquitiiited  with  h  fjvet  wliich  dirt'ttly  disproved  hif» 
hyputlietii^.  It  wan  Mlrinicly  known  (from  the  experimetitH  of  Ireher,  iiiid  more  enpeicmUv 
oi  Rny,  in  UMii})  that  nii4Hl«  iinrfaM*  m  weight  by  oitidation,  wlnlwt,  (vecording  to  Stidil's 
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Lavoisier  pr«3ved  by  tueauj;  of  the  Imlance  that  every  caae  of  rusting 
oi  uietnls  or  nxidationf  or  of  combustion,  is  aeconipanied  by  au  increase 
in  weig^ht  ttt  the  expense  of  the  atmosphere.  He  funiie^l,  therefore,  the 
mirttiml  i>piniun  that  the  heavier  substance  is  more  complex  tfmn  the 
lighter  one.**  The  following  i^emarkable  experiment  was  made  by 
IjiTofsier  in  1774,  and  gave  indubitnble  suppoi-t  to  his  npinion,  which 
was  in   rtifiny  respects  contradictory    to    Stahr^i  doctrine,     Lavoisier 


I  t  h*y  -houhJ  c|Horeft*e  in  weiji^ht,  becaiii»e  phlopritttftii  is  HHtniriited  by  oxittrttioa, 

f-i  on  thiit  point  a*  follow«: — '  I  know  weU  ttmt  inetaU,  in  their  tftLiiHfiinimlioii 

-   iuereiiiiP  tti  weij^ltt.     But  not  only  tlo«*s  this  Utvl  ntii  tliaprove  ttiy  tln'ory,  bttt, 

■  I    '    •    '   '(itrHr>\oonfi;ruis  it,  for  plilogiHtou  *h  lit^htei*  Ihiin  Mir,  mul^  in  corabinitig  with 

strtvo«  Ut  lift  tli*?ini,  A-ud  fvodeereuaes  tlieir  ^reijjbt ;  t'oiiRMqiiently,  a  KiibHtonci* 

!'>»it  phlo|k;;iHton  tnOf^t  Iw  li«avit*r/     TUik  afKUnjent,  it  will  In?  fi«4«ii,  is  founded 

*'i.  nn  iiii(<i<j|>er  tindt^rHtandin^  of  the  pr«)perti«s  of  jifa^vi^^  rei;ivr<1in>;  thi*m  rt«  having  no 

vt;ij;ht  and  a!»  not  betn^  attr»u^t4Hl  hy  tht^  tfiirtb.  or  eUe  on  a  eoufused  ideti  of  phkiginton 

iU«Ut  «*»  it  wai*  firnt  d**fiued  nft  iiitpond«*nible.  The  eoneeption  of  inipMnderabk'  plilogiHton 

tttlh^*  well  with  lh«  b*ibit  and  method«  of  the  last  eentunr,  when  reinnirjie  waM  often  b»d 

to   imfMtnderjibje    finid«    foi  exphuinmj^  a   birge   miiuber   of   phenomena*       Heat,  light. 

mji^jietii.m> and  trlet'tritity  wvr«  explained  a«  bein^'  irweuliar  ini|H)iidemble  tluidft.    In  this 

fte£iac>  the  d(Kfr)nH>  of  Stahl  correHpondni  entirely   nith  the  spirit  tjf  hii4  age.     If  heat  h« 

now  regarded  as  movement  or  ennr^fy^  then  phlojfiwton  also  should  be  considered  in  thi» 

lifht.     In  fa**t«  in  eombiiHtion,  of  eoaU,  for  iuHtanee.  be^t  and  enerjfy  are  evolved,  and 

not  combined  in  the  t^inil,  idlhon^h  the  ojcygen  and  C'cwl  do  combine,    Coiniequently,  the 

doctrine  of  8t«ihl  contaijin  tile  e»i<ieuc^e  of  <i  (rue  rf|kr(4Hentatiou  of  the  evolution  of  energy* 

bm  uAtutnlly  thin  tfvolnlion  ii*  only  a  eonfteniience  of  the  ooinbiuution  j?oing  on  Wtweeu 

thr  f^iil  mid  oxygen*     A*  regards  the  history  of  chemistry  prior  to  Lavoinier^  b<*)«idei 

rlt  ^to  which  reference  hai^  been  made  abovi*),  Prie&tley'»»  Kifirriments  ami 

HM  ort  DiffiT^nt  Kintia  of  Airt  Londoiit  1790,  and  tdso  Seheele's  OpuscttJtt 

ChiMi~**.^ii  rt  Phtisita,  Lip«.,  17MH-#<U,  2  voU*.  mu*t  be  reeoinmeiidtHl  aa  the  two  leiiding 

works  lif  Uie  Englinh   and  HciuidinAvian  chemists  allowing  the  eondition  of  chemical 

t^kftiing  before  the  proimgation  of  Lavoigier'fi  viewR.     A  most  interesting  Mie«noir  ott  Lbi* 

luilorT  of  phlogiston  in  that  of  Rodwell,  in  the  Phiiosophicnt  Mtiffiitinr,  18U8,  in  which 

il  U  «lit<w7i  thai  tlie  ide*  of  phlogiston  dfltes  very  far  back,  that  Basil  Vdentine  (1HSW- 

IIISI.  in  the  Cur^uM  Tf^ittnnpfnilU  Antimonii  Ffiracehitu  (1498-1541),  in  his  work,  JM 

'     fura, Gltuilwr iimi-ims), and  e«*i>ec i«lly  John  J« liUL-li im  Becber  ( 1 09.5-115851), in 

/  Suhirrrtitit'a,  all  rrferred  to  phlogiston,  but  under  different  namefs. 

-■    \ri  r.ngbiihman,  named  Mayow,  who  lived  w  whole  century  before  Litvoitiier  (in  164\(t), 

andrr«t'Vid  certain    phenomena   of  oxidation  in  their  true  ampect,  but  wiu*  not  able  to 

J  ,    I   ,  1..^  rieH'H  with  clearne-is,  or  make  his  doctrine  a  unirerKiil  inheritance,  or  expreat 

rictive  exf»erinient* ;  he^  therefore,  cannot  be  eon  wide  red,  liki?  Lavoisier,  av 

th.    ^-u.-.i'*  of  tt>«temjMjrarj'  chemical  learning,     Srieuce  is  a  universal  heritage,  and 

tb«'r¥far«  il  jii  only  j«sl  to  give  the  higheftt  hontnir  in  Hoieuce»  not  to  thot«e  who  firnt 

..„,,,    ,.1*    ,^  certain    troth,  but  to  tho»*e  who  iire  firtit   rtble  to  convince  otbern  of  its 

an«l  «*fitabH>ih  it  for  the  general  welfiire.     It  should  be  observed,  with  refer- 

•  nlific  dtNcoveriea,  that   they  are  rarely  made  all  at  onee»  but,  an  a  rule,  the 

-do  not  succeed  in  convincing  others  of  the  truth  they  Imve  diacovered;  with 

^.T.  the  store  of  ntateriaU  for  its  denionHtration  inereuAew,  and  other  teachers 

rtl,  iio#«e*>»jng  every  menntt  for  making  the  truth  appitrt*nt  to  all.     Tl»ey  Ans 

tdered  »« the  founder*;  but  it  mu»t  not  be  forgotten  they  are  entirely  indebted 

t*.  till!*  UJjrmn  and  mai*B  of  datn  aceumulat4?d  by  nmny  i>therA,     Sucli  wm  LAroiiuer,  and 

*utb  nre  all  the  greAt  founder*,  of  heience,     Tliey  are  the  enuueiators  of  all  pa^t  and 

pr*mrnt  I««aming,  and  their  nanie«  will  alway*;  l»e  revered  by  posterity. 
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fMiUreii  four  ounces  of  pure  mercury  iuto  a  glass  retort  {fig.  3),  whfl 
neck  was  bent  as  showji  in  the  drawing  and  dipped  inU»  the  vessel  R  S, 
a!s*i  full  of  mercury.  The  projecting  end  uf  the  neck  was  covered 
with  a  ^dass  hell  jar  i\  The  weight  of  all  the  mercuiy  taken,  and  the 
voluuje  cif  air  remaining  in  the  api.wiratus,  naiuely,  that  in  the  upper 
pfjrtion  of  the  retort,  and  under  the  bell-jar,  were  determined  before 
Ijeginning  the  experiment.  In  this  experiment  it  was  most  important 
to  know  the  volume  of  air  in  order  to  learn  what  pait  it  played  in  the 
oxidation  of  the  mercury,  because,  according  to  Staid,  phlogiston  is 
emitted  intn    thtt   air,  whilst,  acconiing  to  Lavoisier,   the  mercury  in 


^ 


Flu,  3.— Lflvoisicr'a  apparatus   for  ilrti'nninlnj?  the  coijipt>sitl4iw  (tf  ulr  iui»J  tli« 
rrowin  of  metaiit  Incn'rwirig  In  weiplit  when  they  are  calfUjed  In  »ln 


oxidi^ing  alisorbs  a  portion  of  the  air  ;  anil  conset|uently  it  was  abso- 
lutely necessary  to  determine  whether  the  amount  of  air  increaseil  or 
decreased  in  the  oxidation  of  the  metal.  It  was,  therefore,  most  import- 
ant Ui  measure  tht*  volume  of  the  air  in  th«  appanitus  both  befi>re  and 
after  the  experimejit.  For*  this  purpose  it  was  necessary  to  know  the 
total  capacity  of  the  retort,  the  volume  of  the  mercury  poured  into  it, 
the  volume  of  the  bell-jar  above  the  level  of  tlie  mercury,  and  a!s<> 
the  temperature  nntl  pressure  of  the  air  at  the  time  of  its  mejisure- 
ment.  The  volume  of  air  held  in  the  apparatus  and  isolated  f  i"om  the 
surrounding  atniosphei  e  could  be  determined  from  these  data.  Having 
arrangel  Ids  appiaratuB  in  this  manner,  Lavoisier  heated  the  retort 
holding  the  mercury  for  a  period  of  twelve  days  at  a  temperature  near 
the  boiling  point  of  mercury.  The  mercury  l>eeame  covered  with  a 
quantity  of  sm^dl  I'ed  scales  ;  that  is,  it  was  oxidiseil  or  c<Miverted  into 
an  earth.  This  substance  is  the  same  raeicury  oxide  which  Inis  already 
been  mentioned  (example  3).  After  the  lapse  of  twelve  days  the 
apparatus  was  co<ded,  and  it  was  then  seen  that  the  volume  of  the  air 
in  the  ajtparatUH  had  dimiTiished  during  the  time  of  the  exjieriment. 
This  result  was  in  exact  contrndiction  to  Stahl's  hypothesi?!^.  Out 
of  50  culdu  inches  of  air  originally  taken^    there   only   remabied  42» 
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Lavoisier's  experiment  led  to  other  no  less  important  results.  The 
wei^t  of  the  air  taken  decreased  by  as  much  as  the  weight  of  the 
mercury  increased  in  oxidising  ;  that  is,  the  portion  of  the  air  was  not 
destroyed,  but  only  combined  with  mercury.  This  portion  of  the  air 
may  be  again  separated  from  the  mercury  oxide,  and  has,  as  we  saw 
(example  3),  properties  different  from  those  of  air.  That  portion  of 
the  air  which  remained  in  the  apparatus  and  did  not  combine  with  the 
mercury  does  not  oxidise  metaU,  and  cannot  support  either  combus- 
tion or  respiration,  so  that  a  lighted  taper  is  immediately  extinguished 
if  it  be  dipped  into  the  gas  which  remains  in  the  bell-jar.  '  It  is  ex- 
tinguished in  the  remaining  gas  as  if  it  had  been  plunged  into  water,' 
writes  Lavoisier  in  his  memoirs.  This  gas  is  called  *  nitrogen.'  Thus 
air  is  not  a  simple  substance,  but  consists  of  two  gases,  oxygen  and 
nitrogen,  and  therefore  the  opinion  that  air  is  an  elementary  substance 
is  erroneous.  The  oxygen  of  the  air  is  absorbed  in  combustion  and  the 
oxidation  of  metals,  and  the  earths  produced  by  the  oxidation  of 
metals  are  substances  composed  of  oxygen  and  a  metal.  By  mixing 
the  oxygen  with  the  nitrogen  the  same  air  as  was  originally  taken  is 
re-formed.  The  existence  of  compound  substances  was  incontestably 
proved  by  these  experiments.  It  has  also  been  shown  by  direct  experi- 
ment that  on  reducing  an  oxide  with  carbon,  the  oxygen  contained 
in  the  oxide  is  transferred  to  the  carbon,  and  gives  the  same  gas  as  is 
obtained  by  the  combustion  of  carbon  in  air.  Therefore  this  gas  is 
a  compound  of  carbon  and  oxygen,  just  as  the  earthy  oxides  are  com- 
posed of  metals  and  oxygen. 

The  many  examples  of  the  formation  and  decomposition  of  sub- 
stances which  are  met  with  convince  us  that  the  majority  of  substances 
with  which  we  have  to  deal  are  compounds  made  up  of  several  other 
substances.  By  heating  chalk  (or  else  copper  carbonate,  as  in  the 
second  example)  we  obtain  lime  and  the  same  carbonic  acid  gas  which  is 
produced  by  the  combustion  of  carbon.  On  bringing  lime  into  contact 
with  this  gas  and  water,  at  the  ordinary  temperature,  we  again  obtain  the 
compound  carbonate  of  lime,  or  chalk.  Therefore  chalk  is  a  compound. 
So  also  are  those  substances  from  which  it  may  be  built  up.  Car- 
bonic anhydride  is  formed  by  the  combination  of  carbon  and  oxygen  ; 
and  lime  is  produced  by  the  oxidation  of  a  certain  metal  called  '  cal- 
cium.' By  breaking  up  substances  in  this  manner  into  their  component 
parts,  we  arrive  at  last  at  such  as  are  indivisible  into  two  or  more  sub- 
stances by  any  means  whatever,  and  which  cannot  be  formed  from  other 
substances.  All  we  can  do  is  to  make  such  substances  combine  together 
or  act  on  other  substances.  Substances  which  cannot  be  formed  from  or 
decomposed  into  others  are  termed  simpie  ^ubgtanees  (elements).     Thus 
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all  homogeneous  siilMtances  may  be  clAssitierl  into  simple  and  I'ompijyntl 
substances.  Thi^  \-iew  was  introduced  and  established  as  a  scientific 
fact  during  the  lifetime  uf  Lavoisier.  The  number  of  these  elements 
is  very  small  in  comparison  with  the  number  of  coujpountl  substances 
wliich  are  formed  by  them.  At  the  present  time,  only  seventy  elements 
are  known  with  certainty  to  exist.  Some  of  them  are  very  rarely  met 
with  ill  nature,  or  are  found  in  very  small  quantities,  whilst  others 
are  yet  doubtful.  The  nundier  of  elements  with  whose  compounds  we 
commonly  deal  in  everyday  life  is  very  smalL  Elements  cannot  be 
transmuted  into  one  another — at  least  up  to  now  not  a  single  case  of 
such  a  transformation  has  becji  met  with  ;  it  may  therefore  be  said 
that,  as  yet,  it  is  impossible  to  transmute  one  metal  into  another.  And 
as  yet,  notwithstanding  the  number  of  a&sayja  which  have  been  made  in 
this  direction,  no  fact  has  l>een  disct»vered  which  couhl  in  any  way 
support  the  idea  i^f  the  complexity  of  those  indubitably-known  ele- 
ments ^'*  -such  as  oxygen,  iix>n,  sulphur,  ifcc  Therefure,  from  its  con- 
ception, an  element  is  not  susceptible  to  I'eactions  of  decomposition.*^ 

'^  Muny  ancient  philoKopliur**  arlniitt*^!  the  existtMiee  of  one  t«lenieutary  torrii  of 
jfttter.  This  Idea  still  iiiipearH  in  our  timt^H^  in  the  eon^itant  efforts  which  art;  mAd«  lo 
fluce  thp  rimnberof  tha  elements;  to  provtsfor  lu^iUiice,  that  bromine  coritaiiis  cWoritie 
or  that  chhsrine  tontiuiifc  oxyKcti.  Mjtny  methocU,  foiincled  both  on  expennic^nt  mill 
thpory,  hiive  been  tritKl  to  prove  the  compound  nutiire  of  the  elements.  All  U hour  in 
tins  fhreetion  hR«  an  yt*t  been  in  vnhi,  and  tlie  iK^HnrHiiee  thut  elementoi-y  mftttf  r  in  not 
tto  bomogeneons  (wnj<l«>  tvs  the  iniiul  wotjhl  desire  in  its  first  tmnsport  of  mpid  jjeueroli- 
satton  irt  fetrengthenerl  from  year  to  yfur.  At  nil  events,  there  are  as  yetnoexperiinentivl 
or  theoretical  evidence*  of  the  rttrninnnnl  niiture  *d  our  elements.  With  the  methods 
And  eviden<^e  now  at  onr  di^poMal  it  ih  imposHihle  tcj  even  ima^ne  the  po^sibUity  of  a, 
m«t))od  by  which  the  different  etementi*  could  W  formed  from  one  elementary  mtiterio.!. 
Ca»e»  of  iftomerJHm  aiid  of  pdlynieriwm  of  comiwnnd  wubHtaucee  certainly  rthow  thft  po8- 
Ktlnlity  of  the  fonntition,  from  one  and  the  Mame  elements,  of  Buh stance*  with  different 
pro|>erties,  bnt  evt?ry  chwn^je  of  thifi  kind  is  completely  levi*lled  ami  iinlUfled  hyu  certain 
rine  in  temperature  by  which  every  inomeride  and  jnolymtride  itt  i-'Oii\erted  into  one 
variety  and  changeis  its  original  properties  All  onr  knowledj^e  nhoww  that  iron  luid 
other  elements  remain,  even  lit  wncb  n  liijjh  tem[>er4uture  as  there  existn  in  the  snn,  oa 
different  sobstanceH,  and  are  not  convert«Hl  into  one  common  matt^riaL  Admittiniaf,  ev«n 
luetitallyr  the  pi>sHibility  of  one  elementary  form  of  matter,  a  method  mus^t  he  imagined 
by  which  it  could  give  rise  to  the  variouH  elements,  as  ideo  tho  m^Kliia  tf/tmiHtJi  of  their 
fi>rmation  from  one  raateriah  If  it  l>e  said  that  this  diverwitode  ^'iily  takes  place  at  liJW 
tero|>eratureH,  aH  i«  obwer^'ed  with  inomerides,  then  there  wonld  be  reaM4m  toejq^ect*  if  not 
the  transition  of  the  varionn  elementH  intu  one  particnlar  and  more  stable  fonw,  at  leitHt 
the  mutnal  transformation  of  iM>me  into  otbtirci.  Bat  nothing  of  the  kind  ban  yet  been 
observed,  and  the  alchemist't*  hopts  to  manufacture  (as  BerthoUetputa  it)  elements  has  no 
fonndation  of  fact  or  theory. 

^  The  weftkest  i>oint  in  the  idea  of  elt*mcnt»  i»  the  negative  character  of  the  determi- 
native %igj\n  given  them  by  LavoiHier,  and  from  that  tim^e  ruling  in  chemiHtry.  They  do 
not  decomi>o«e,  tliey  do  «of  change  into  one  another.  But  it  mufit  be  rennirked  that 
elements  form  the  limitinik^  horizon  <yf  otir  knowledge  of  matter,  and  it  is  always  diffictilt 
to  det€>rmine  a  poHitive  Hide  tm  the  h^trderland  of  what  is  known.  But  all  the  »ame^  if 
not  for  all,  at  all  events  for  the  majority,  of  those  having  the  [tropertieH  of  niettdB,  tliere 
is  A  serieB  of  positive  common  sijrnT*  (they  posseBA  a  particnlar  app<*amnt'e  and  luntre, 


I 


< 

I 


1I5TR0DUCTI0N  21 

The  quantity,  therefore,  of  each  element  remains  constant  in  all 
chemical  changes  ;  which  fact  may  he  deduced  as  a  consequence  of  the 
law  of  the  indestructibility  of  matter,  and  of  the  conception  of  elements 
themselves.  Thus  the  equation  expressing  the  law  of  the  indestructi- 
bility of  matter  acquires  a  new  and  still  more  important  signification. 
If  we  know  the  quantities  of  the  elements  which  occur  in  the  acting, 
it  may  be  compound,  substances,  and  if  from  these  substances  there 
proceed,  by  means  of  chemical  changes,  a  series  of  new  compound  sub- 
stances, then  the  latter  will  together  contain  the  same  quantity  of  ecujli 
of  the  elements  as  there  originally  existed  in  the  reacting  substances. 
The  essence  of  chemical  change  is  embraced  in  the  study  of  how, 
and  with  what  substances,  each  element  is  combined  before  and  after 
change. 

In  order  to  be  able  to  express  various  chemical  changes  by  equations, 
it  has  been  agreed  to  represent  each  element  by  the  first  or  some  two 
letters  of  its  (Latin)  name.  Thus,  for  example,  oxygen  is  represented  by 
the  letter  O  ;  nitrogen  by  N  ;  meixjury  (hydrargyrum)  by  Hg  ;  iron 
(ferrum)  by  Fe  ;  and  so  on  for  all  the  elements,  as  is  seen  in  the  tables 
on  page  24.  A  compound  substance  is  represented  by  placing  the 
symbols  representing  the  elements  of  which  it  is  made  up  side  by  side. 
For  example,  red  mercury  oxide  is  represented  by  HgO,  which  shows 
that  it  is  composed  of  oxygen  and  mercury.  Besides  this,  the  symbol 
of  every  element  corresponds  with  a  certain  relative  quantity  of  it  by 
weight,  called  its  *  combining '  weight,  or  the  weight  of  an  atom;  so  that 
the  chemical  formula  of  a  compound  substance  not  only  designates  the 
nature  of  the  elements  of  which  it  is  composed,  but  also  their  quantita- 
tive proportion.  Every  chemical  process  may  be  expressed  by  an  equa- 
tion composed  of  the  formulae  corresponding  with  those  substances 
which  take  part  in  it  and  are  produced  by  it.  The  amount  by  weight 
of  the  elements  in  every  chemical  equation  must  be  equal  on  both  sides 
of  the  equation,  because  no  element  is  either  formed  or  destroyed  in  a 
chemical  change. 

On  pages  24,  25,  and  26  a  list  of  the  elements,  with  their  symbols 
and  combining  or  atomic  weights,  is  given,  and  we  shall  see  afterwards 
on  what  basis  the  atomic  weights  of  elements  are  determined.  At 
present  we  will  only  point  out  that  a  compound  containing  the  elements 
A  and  B  is  designated  by  the  formula  A^B",  where  m  and  n  are  the 
coefficients    or  multiples   in   which    the   combining   weights    of    the 

they  conduct  an  electric  current  without  decompoBing)  which  allow  them  to  be  distin- 
guished at  a  glance  from  other  kinds  of  matter.  Besides,  there  is  no  doubt  (from  the 
results  of  spectrum  analysis)  that  the  elements  are  distributed  as  far  as  the  most 
distant  stars,  and  that  they  support  the  highest  attainable  temperatures  without 
decomposing. 
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elements  enter  into  the  composition  of  the  substance.  If  we  repre- 
sent the  combining  weight  of  the  substance  A  by  a  and  that  of  the 
substance  B  by  b,  then  the  composition  of  the  substance  A^B"  will  be 
expressed  thus  :  it  contains  na  parts  by  weight  of  the  substance  A  and 
mh  parts  by  weight  of  the  substance  B,  and  consequently  in  100  parts 

of  our  compound  there  is  contained percentage  parts  by  weight 

na-f  mb 

of  the  substance  A  and of  the  substance  B.     It  is  evident  that 

7ia-\-mb 

as  a  formula  shows  the  relative  amounts  of  all  the  elements  contained 

in  a  compound,  the  actual  weights  of  the  elements  contained  in  a  given 

weight  of  a  compound  may  be  calculated  from  its  formula.    For  example, 

the  formula  NaCl  of  table  salt  shows  (as  Na=23  and  01=35*5),  that  58-5 

lbs.  of  salt  contain  23  lbs.  of  sodium  and  35*5  lbs.  of  chlorine,  and  that  100 

parts  of  it  contain  39*3  per  cent,  of  sodium  and  60*7  per  cent,  of  chlorine. 

What  has  been  said  al)ove  clearly  limits  the  province  of  chemical 
changes,  because  from  substances  of  a  given  kind  there  can  be  obtained 
only  such  as  contain  the  same  elements.  But,  notwithstanding  this 
primary  limitation,  the  number  of  possible  combinations  is  infinitely 
great.  Only  a  comparatively  small  number  of  compounds  have  yet 
been  described  or  subjected  to  research,  and  any  one  working  in  this 
direction  may  easily  discover  new  compounds  which  had  not  before 
been  obtained.  It  often  happens,  however,  that  such  newly-discovered 
compounds  were  foreseen  by  chemistry,  whose  object  is  the  apprehension 
of  that  uniformity  which  rules  over  the  multitude  of  compound  sub- 
stances, and  whose  aim  is  the  comprehension  of  those  laws  which  govern 
their  formation  and  properties.  When  once  the  conception  of  ele- 
ments had  been  established,  the  most  intimate  object  of  chemistry 
was  the  determination  of  the  properties  of  compound  substances  on  the 
basis  of  the  determination  of  the  quantity  and  kind  of  elements  of 
which  they  are  composed  ;  the  investigation  of  the  elements  themselves; 
the  determination  of  what  compound  substances  can  be  formed  from 
each  element  and  the  properties  which  these  compounds  show  ;  and  the 
apprehension  of  the  nature  of  the  connection  between  the  elements  in 
different  compounds.  An  element  thus  serves  as  the  starting  point, 
and  is  taken  as  the  primary  conception  under  which  all  other  bodies 
are  embraced. 

When  we  state  that  a  certain  element  enters  into  the  composition 
of  a  given  compound  (when  we  say,  for  instance,  that  mercury  oxide 
contains  oxygen)  we  do  not  mean  that  it  contains  oxygen  as  a  gaseous 
substance,  but  only  desire  to  express  those  transformations  which 
mercury  oxide  is  capable  of  making  ;  that  is,  we  wish  to  say  that  it  is 
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possibk  to  obtain  orygen  from  mercuiy  oride,  and  that  it  can  give 
np  oxygen  to  Tarioos  other  substances :  in  a  word,  we  desire  only  to 
express  those  transformatiiHis  of  which  mercoiy  oxide  is  capable.      Or, 
more  ooncisely,  it  may  be  said  that  the  composition  oi  a  compound  is 
the  expression  ci  those  transformations  of  which  it  is  capable.      It  is 
usefol  in  this  sense  to  make  a  clear  distinction  between  the  conception 
of  an  element  as  a  ^rparai^  homogeneous  substance^  and  as  a  tnaUrial 
but  invisible  part  of  a  eompoand.     Mereory  oxide  does  not  contain 
two  simple  bodies,  a  gas  and  a  metal,  bat  two  elements,  mercury  and 
oxygen,  which,  when  free,  are  a  gas  and  a  metaL     Nether  mercury  as  a 
metal  nor  oxygen  as  a  gas  is  contained  in  mercury  oxide  :  it  imly  contains 
the  substance  of  these  elements,  just  as  steam  only  contains  the  sub- 
stance of  ice,  but  not  ice  itself,  or  as  com  contains  the  substance  of  the 
seed  but  not  the  seed  itself.     The  existence  of  an  element  may  be  recog 
nised  without  knowing  it  in  the  unccHnbined  state,  but  only  from  an  in- 
vestigation of  its  combinations,  and  from  the  knowledge  that  it  gives, 
under  all  possible  conditions,  substances  which  are  unlike  other  known 
combinations  of  substances.     Fluorine  is  an  example  of  this  kind.     It 
was  for  a  long  time  unknown  in  a  free  state,  and  was,  nevertheless,  recog- 
nised as  an  element  because  its  combinations  with  other  elements  were 
known,  and  their  difference  from  all  other  similar  compound  sultstanoes 
was  determined.     In  order  to  grasp  the  difference  between  the  con- 
ception of  the  visible  form  of  an  element  as  we  know  it  in  the  free 
state,  and  of  the  intrinsic  element  (or  '  radicle,'  as  Lavoisier  called  it) 
contained  in  the  visible  form,  it  should  be  remarked  that  compound 
substances  also  combine  together  forming  yet  more  complex  compounds, 
and  that  they  evolve  heat  in  the  process  of  combination.     The  original 
compound  may  often  be  extracted  from  these  new  compounds  by  exactly 
the  same  methods  as  elements  are  extracted  from  their  corresponding 
combinations.    Besides,  many  elements  exist  under  various  visible  forms 
whilst  the  intrinsic  element  contained  in  these  various  forms  is  some- 
thing which  is  not  subject  to  change.     Thus  c»rbon  appears  as  charcoal, 
graphite,  and  diamond,  but  yet  the  element  carbon  alone  contained  in 
each  is  one  and  the  same.     Carbonic  anhydride  contains  carlx>n,  and 
not  charcoal,  or  graphite,  or  the  diamond. 

Elements  alone,  although  not  all  of  them,  have  the  peculiar  lustre, 
opacity,  malleability,  and  the  great  heat  and  electrical  conductivity 
which  are  proper  to  metals  and  their  mutual  combinations.  But 
elements  are  fa.r  from  all  being  vietals.  Those  which  do  not  possess 
the  physical  properties  of  metals  are  called  non-metals  (or  nietcUloids). 
It  is,  however,  impossible  to  draw  a  strict  line  of  demarcation  between 
metals  and  non-metals,   there  being  many   intermediary  sul)stances. 
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Thus  grapliite,  from  which  pencils  are  manufactured,  is  an  element 
with  the  lustre  and  other  properties  of  a  metal ;  but  charcoal  and  the 
diamond,  which  are  composed  of  the  same  substance  as  grapliite,  do 
not  show  any  metallic  properties.  Both  classes  of  elements  are  clearly 
distinguished  in  definite  examples,  but  in  particular  cases  the  distinc- 
tion is  not  clear  and  cannot  serve  as  a  basis  for  the  exact  di\dsion  of 
the  elements  into  two  groups. 

At  all  events,  the  conception  of  elements  forms  the  basis  of  chemical 
knowledge,  and  if  we  give  a  list  of  them  at  the  very  beginning  of  our 
work,  it  is  that  we  wish  to  symbolise  the  condition  of  the  contemporary 
information  on  the  subject.  Altogether  about  seventy  elements  are 
now  authentically  known,  but  many  of  them  are  so  rarely  met  with  in 
nature,  and  have  been  obtained  in  such  small  quantities,  that  we  possess 
but  a  very  insufficient  knowledge  of  them.  The  substances  most  widely 
distributed  in  nature  contain  a  very  small  number  of  elements.  These 
elements  have  been  more  completely  studied  than  the  others  because  a 
greater  number  of  investigators  have  been  able  to  carry  on  experiments 
and  observations  on  them.  The  elements  most  widely  distributed  in 
nature  are  : — 

Hydrogen,     H  =1.  In  water,  and  animal  and  vegetable  or- 

ganisms. 
In  organisms,  coal,  limestones. 
In  air  and  in  organisms. 
In  air,  water,  earth.     It  forms  the  greater 

part  of  the  mass  of  the  earth. 
In  common  salt  and  in  many  minerals. 
In  sea- water  and  in  many  minerals. 
In  minerals  and  clay. 
In  sand,  minerals,  and  clay. 
In  bones,  ashes  of  plants,  and  soil. 
In  pyrites,  gypsum,  and  in  sea- water. 
In   common  salt,  and  in  the  salts  of  sea- 
water. 
In  minerals,  ashes  of  plants,  and  in  nitre. 
In  limestones,  gypsum,  and  in  organisms. 
In  the  earth,  iron  ores,  and  in  organisms. 
Beside  these,  the  following  elements,  although  not  very  largely  dis- 
tributed in  nature,  are  all  more  or  less  well  known  from  their  applications 
to  the  requirements  of  everyday  life  or  the  arts,  either  in  a  free  state 
or  in  their  compounds  : — 

Lithium,  Li =7.     In  medicine  (LiaCOg),  and  in  photography  (LiBr). 
Boron,      B= 1 1 .  As  Borax,  B4Na207,  and  as  boric  anhydride,  B.fi^, 


Carbon, 

C  =12. 

Nitrogen, 

N  =14. 

Oxygen, 

0   =16. 

Sodium, 

Na=23. 

Magnesium,  Mg=24. 

Aluminium 

,A1=27. 

Silicon, 

Si  =28. 

Phosphorus 

,P    =31. 

Sulphur, 

S    =32. 

Chlorine, 

CI  =35-5. 

Potassium, 

K  =39. 

Calcium, 

Ca  =40. 

Iron, 

Fe  =56. 

nnrBoiiucnoy 
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FlnoHne,      F 
ChnMnnim,   Cr 


=  19. 
=5± 


Manganese.  Mii=sa5. 


CMbiJt. 

Co=^. 

XirkrJ 

yi=^. 

Co^^S^. 

C«=63. 

Zint, 

Zn=^. 

Arse&ic. 

As=73. 

BnobiML 

Br=:WA 

j?r  ^?T- 

2s>K«r. 

Ajr^l-^*. 

fmJWk— . 

ci=ni 

Ttl^ 

&:=1j?'- 

Sic=I-^". 

I<«Ez>!^ 

I     =rif7. 

ffiliiTTpn-, 


lihuiiiirr.t.  2l|,  = 


As  floor  ^par.  CaF^   aijd    aL<(   hjdrofliKirie 

artd,  HF. 
As    cbroifue  anhTdiick'.   CrOj,    and  f^AM^ 

sum  d]cfafoioau>,  K^Cr^O^. 
As  man^ijese  pcrtMude,    MiiO^   ai^ti    f^>- 

lasBGiiK  fiieTTftangsifMif^,  MkiKO^. 
In  iSEiah  ikcA  (<iacr  ^lass. 
For  thjctFO-piaam^  otiicr  Ui^fCa^ 

Used  £or  tht  }rtiiJt«s  4I  lott^rMsik.  n^Ubi^  jmt. 
Wksife*  aisM&ic.  A^^/j^ 

A  ijrrvvi::  i^Msstajs-  ^ft^fsSd  :  Mniixii.  ii^KflLyk:. 
X^ISr- 

Ii  jui-a'iw     Y-sGftnr  jjiiin  'OoJ*  ., 
Ix  hZait^  isossl  mt  vryfr  jlukt^j^ 

Kl 


:!?.'*.    JLX  31l*taiCll*^   Bill   tUfilUJ*-   l.*J.«  t. 


KTQiii^a^ifUj^  iim  UBS-  '•b*iL  cnu'vi.    uut    1;*%   ♦•'fii»*n^*x»ir  ±»»-«ii*ar,';   m^ft 


Twiifniimu.  ■>*•  ^"t. 


r'ulii»diim..  IrtJ^^^  A 
0»jnuii..       ^>^  ^.^  ^1 

TualiiuiL     Ti^s^^'Vv 


sue  U5S-  mr  ^^^^  mniii^c  'i*   lit*-  w^*.   uir  m"*   i^»!i»*i   ir-uii«»?i  •uiu^vixu 
iiilT  .— 
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Scandium,     Sc  =44.  Indium,  In=113» 

Gallium,        Ga=68.  Tellurium,      Te=125. 

Giirmanium,  Ge=72.  Csesium,  08=132. 

Rubidium,    Rb=85.  Lanthanum,  La]=138. 

Yttrium,       Y  =89.  Didymium,    Di'=143. 

Niobium,      Nb=94.  Ytterbium,    Yb=173. 

Ruthenium,  Ru = 1 04.  Tantalum,      Ta  =  1 82. 

Rhodium,     Rh=104.  Thorium,        Th=234. 

Besides  these  66  elements  there  have  been  discovered  : — Erbium, 
Terbium,  Samarium,  Thullium,  Holmium,  Mosandrium,  Phillipium, 
Vesbium,  Actinium,  and  several  others.  But  their  properties  and  com- 
binations, owing  to  their  extreme  rarity,  are  very  little  known,  and  even 
their  existence  as  independent  substances  ^^  is  doubtful. 

It  has  been  incontestably  proved  from  observations  on  the  spectra 
of  the  heavenly  bodies  that  many  of  the  most  common  elements  (such 
as  H,  Na,  Mg,  Fe)  occur  on  the  far  distant  stars.  This  fact  confirms 
the  belief  that  those  fonns  of  matter  which  appear  on  the  earth  as 
elements  are  widely  distributed  over  the  entire  universe.  But  why, 
in  nature,  the  mass  of  some  elements  should  be  greater  than  that  of 
others  we  do  not  yet  know. 

The  capacity  of  each  element  to  combine  with  one  or  another 
element,  and  to  form  compounds  with  them  which  are  in  a  greater  or 
less  degree  prone  to  give  new  and  yet  more  complex  substances,  forms 
the  fundamental  character  of  each  element.  Thus  sulphur  easily  com- 
bines with  the  metals,  oxygen,  chlorine,  or  carbon,  forming  stable  sub- 
stances, whilst  gold  and  silver  enter  into  combinations  with  difficulty, 
and  form  unstable  compounds,  which  are  easily  decomposed  by  heat. 
Compounds,  and  also  elements,  may  be  divided  into  two  classes — those 
which  easily  enter  into  many  different  chemical  changes,  and  those  which 
enter  into  but  few  combinations,  which  are  characterised  by  their  small 
capacity  for  the  direct  formation  of  new,  more  complex  substances. 
The  cause  or  force  which  induces  substances  to  enter  into  chemical 
change  must  be  considered,  as  also  the  cause  which  holds  different 
substances  in  combination — that  is,  which  endues  the  substances 
formed  with  their  particular  degree  of  stability.  This  cause  or  force 
is  called  affinity  (affinities,  affinity,  verwa^idtacJiaft),  or  chemical  affinity.  ^^ 

**  It  may  be  that  some  of  them  are  compounds  of  other  already-known  elements. 
Pure  and  incontestably  independent  compounds  of  these  substances  are  unknown,  and 
some  of  them  have  not  even  been  separated  but  are  only  supposed  to  exist  from  the 
results  of  spectroscopic  researches.  There  can  be  no  mention  of  such  contestable  and 
doubtful  elements  in  a  short  general  handbook  of  chemistry. 

**  This  word,  first  intro<luced,  if  I  mistuke  not,  into  chemistry  by  Glauber,  is  baaed  on 
the  idea  of  the  ancient  philosophers  that  combination  can  only  take  place  when  the  sub- 
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As  this  force  must  be  regarded  as  exclusively  an  attractive  force, 
like  gravity,  many  writers  (for  instance,  Bergmann  at  the  end  of  the 
last,  and  Berthollet  at  the  beginning  of  this,  century)  supposed  affinity 
to  be  essentially  similar  to  the  universal  force  of  gravity,  from  which 
it  only  differs  in  that  the  latter  acts  at  observable  distances  whilst 
affinity  only  evinces  itself  at  the  smallest  possible  distances.  But 
chemical  affinity  cannot  be  entirely  identified  with  the  universal 
attraction  of  gravity,  which  acts  at  observable  distances  and  which 
is  dependent  only  on  mass  and  distance,  and  not  on  the  quality  of  the 
material  on  which  it  acts,  whilst  it  is  by  the  quality  of  matter  that 
affinity  is  most  forcibly  influenced.  Neither  can  it  be  entirely  identi- 
fied with  cohesion,  which  gives  to  homogeneous  solid  substances  their 
crystalline  form,  elasticity,  hardness,  ductility,  and  other  properties, 
and  to  liquids  their  surface,  drop  formation,  capillarity,  and  other 
properties,  because  affinity  acts  between  the  component  parts  of  a 
substance  and  cohesion  on  a  substance  in  its  homogeneity,  although 
both  act  at  imperceptible  distances  (by  contact)  and  have  much  in 
common.  Chemical  force,  which  makes  one  substance  penetrate  into 
another,  cannot  be  entirely  identified  with  even  those  attracting 
forces  which  make  different  substances  adhere  to  each  other,  or  hold 
together  (as  when  two  plane-polished  surfaces  of  solid  substances  are 
brought  into  close  contact),  or  which  cause  liquids  to  soak  into  solids, 
or  adhere  to  their  surfaces,  or  gases  and  vapours  to  condense  on  the  sur- 
faces of  solids.  These  forces  must  not  be  confounded  with  chemical 
forces,  which  cause  one  substance  to  penetrate  into  the  substance  of 
another  and  to  form  a  new  substance,  which  is  not  the  case  with 
cdbesion.  But  it  is  evident  that  the  forces  which  determine  cohesion 
form  a  connecting-link  between  mechanical  and  chemical  forces,  be- 
cause they  only  act  by  intimate  contact  and  between  different  kinds  of 
matter.  For  a  long  time,  and  especially  during  the  first  half  of  this 
century,  chemical  attraction  and  chemical  forces  were  identified  with 
electrical  forces.  There  is  certainly  an  intimate  relation  between  them, 
for  electricity  is  evolved  in  chemical  reactions,  and  it,  in  its  turn,  has 
a  powerful  influence  on  chemical  processes — for  instance,  compounds 
are  decomposed  by  the  action  of  an  electrical  current.  But  the  exactly 
similar  relation  which  exists  between  chemical  phenc^mena  and  the 
phenomena  of  heat  (heat  being  developed  by  chemical  phenomena,  and 
heat  being  able  to  decompose  compounds)  only  proves  the  unity  of  the 
forces  of  nature,  the  capability  of  one  force  to  produce  and  to  be  trans- 
stances  combining  have  something  in  common — a  medium.  An  in  generally  the  case, 
another  idea  evc^ved  it«elf  in  antiqaity,  and  has  lived  nntil  now.  side  by  side  with  the 
lint,  to  which  it  is  exactly  contradictory ;  this  considers  union  as  dependent  on  con> 
trasi,  an  polar  difference,  on  an  effort  to  fill  op  a  want. 
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formetl  into  othei^.  Therefore  the  ixieiititication  of  chemical  force  witli 
electricity  will  not  bear  ex i>eri mental  proof, *'^'  As  of  all  the  (mole- 
cular) phenuinena  of  natijre  wliich  act  ou  subistance.s  at  iiniueasural>ly 
small  (list^inces,  the  phenomena  of  heat  are  at  present  the  l>est  (com- 
paratively) known  J  having  been  reduced  to  the  simplest  fundamental 
principles  of  uiechaiiies  (of  energy^  etjuilibrium,  and  movement),  which, 
since  Newton,  have  been  subjected  to  strict  mathematical  analysis, 
it  is  c|uite  natural  that  an  etlbrtj  which  has  lieen  particularly 
pronounced  during  recent  years,  should  have  been  made  to  bring 
chemical  jihenomena  into  strict  correlation  with,  and  nnder  the  theory 
foundeil  on,  the  already  investigate<l  phentimena  of  heat,  without,  how- 
ever, aiming  at  any  identification  of  chemical  with  Jieat  phenomena* 
The  true  nature  of  chenncfd  furce  is  htill  a  secret  to  us^  just  as  is  the 
nature  of  the  univei^sal  force  of  gravity,  and  yet  without  knowing  what 
gi'avity  really  is,  by  applying  mechanical  conceptions,  astrouonucal 
phenomena  have  been  subjected  nut  only  to  exact  generalisation  but  to 
the  detailed  prediction  of  a  number  of  particular  facts  ;  and  so,  also, 
although  the  true  nature  of  chemical  aflinity  may  be  unknown,  there 
is  I'eason  Uf  hope  for  considerable  progress  in  chemical  science  by 
applying  the  laws  of  inechanics  to  chemical  phenomena  hy  means  of 
the  mechanical  theory  of  heat.  But  as  yet  this  portion  of  chemistry 
has  been  but  little  workeil  at,  and  therefore,  while  forming  a  cun'ent 
prttbleiu  of  the  science,  it  is  treated  more  fully  in  that   particular 

^*  EKiMBtially  ciniclii»ive  are  thoi^e  canes  of  Kotalli^'d  mn^tiileiiKifi  jDuinuji,  rmuretit). 
Chlnrine,  in  i'<iiiil'iiiiiij^'  Avith  liydrogeii,  formi*  &  very  stable  subtitikiiee,  called  *  hydroeliiloric 
acid/  uliieh  ih  f*plit  up  l>y  the  action  i>f  An  electricftl  current  into  oliloiiiie  and  hydrogen, 
the  chloriii*:'  appeariniur  at  th<*  poftitive  and  the  hydrogen  ut  thit'  negative  pohs  From  this 
tjlectro^ehemiHU  cnusiiltTcd  hydrogen  to  b<?  an  eleetro-pnr*itive  and  chlorine  an  electrrv 
uegativfc!  element,  and  that  they  are  held  together  lu  virtue  of  their  op|KjKite  electric 
charges.  It  appeartip  however,  from  nietulephit^,  that  chlorine  can  rephice  hydrogen  (ftiid 
reven*ely  hydrogen  reptucew  chlodne)  in  its  compounds  without  in  any  ivay  changing  the 
grouping  of  the  other  element**^  ov  altering  their  chief  ehemicol  prt>{.»ertie.4.  Thue  the 
cftpttcity  of  acetic  iicid  to  form  HaltR  ii»  luit  altered  hy  reidacing  itJ*  hydrogen  by  chlorine. 
Here  an  electro- [wwitive  element  in  replai^ed  by  an  ekctr0-negative  element,  which  is 
qtiiti;  contrai-y  to  the  eleiitncal  theory'  fsf  the  origin  of  chemical  attractiont  which  has  thut* 
been  entirely  overthrown  by  the  factw  of  metalep»is.  We  muet  remark,  whilst  consider- 
ing thin  Hiibjectt  that  the  explanation  snggesting  electricity  hlh  the  origin  of  cheiniLal 
phenomena  is  unsoand  in  that  it  Ktrives  to  explain  one  cla-iH  of  phenomena  whose  nature 
in  ahnoKt  unknown  by  another  elaan  whicli  in  no  better  known.  It  i»  moj*t  im^tnivtive  to 
remurk  that  together  with  the  electrical  theory  of  chemical  attraction  there  4trofte  and 
Hun,  ivei*  a  view  which  explains  the  galvanic  current  aw  being  a  transference  of  chemical 
action  through  the  circuit — t\t'.,  regards  the  origin  of  electricity  ah  being  a  chemical  one^  It 
iu  evident  that  the  connection  in  vers'  intimate,  hut  hoth  kindn  nf  phenomena  are  indepen- 
dent and  represent  different  formti  of  molecular  (atomic)  movement^  whoi«e  real  nature  it* 
not  yet  underKtorwh  NevertheleKs,  the  connection  between  the  phenomena  of  both  cate- 
gorieit  i»  not  only  in  itnelf  very  instructive,  but  Et  extends  the  applicability  of  the  gtiner&t 
idea  of  the  unity  of  the  forces  of  nature,  conviction  of  the  truth  of  which  has  held  bo 
important  a  place  in  the  science  i>f  the  la»t  ten  yearn^ 
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province  which  is  termed  either  ^theoreticar  *>r  ' physical'  chemistry,  or, 
better  still,  chentiral  mefhitnicg.  As  this  province  of  chemistry  re- 
quires a  knowledge  not  only  r»f  ttie  \*nnou8  homogeneous  substances 
which  have  yet  been  nbtaine<l  anil  «»f  the  eheuiicil  tninsfnrniations  which 
they  nnflergOi  hut  also  of  the  phenomena  (of  heat  and  other  kinds)  by 
which  these  transform Htio»\s  are  accompanied,  it  is  oidy  possible  tt> 
enter  on  the  study  of  chemical  mechfinics  after  an  acquaintance  with 
the  fundamental  chemical  conceptions  and  substances  which  form  tlie 
subject  o£  this  lxK)k,^' 

s*  I  consider  that  in  nn  elementary  textbook  of  chemistry,  like  the  prti*eiit,  it  ir  mi\y 
poflstble  and  HdvtMiblf*  I<j  mention,  in  reference  to  chemicAl  mechauice,  a  few  ^enenil 
idt«fi  aud  ftcmue  pArtieular  examjjlen  r^^ferrin^  more  e<T{)eciiilly  to  gas4f»^  whoHe  mechiuiical 
theory  mnbt  be  regiu'ded  as  tlve  mo^tt  rotnplete.  The  molecuhir  niecltainiL-s  of  liquids  and 
olidft  14  as  yet  in  embryo,  and  eontain<)  much  tbat  is  di^piitHble;  for  thia  reaaont 
dipmiciiJ  mechauicfii  ha*  made  les:*  projifresn  iii  reiiition  to  the»*i!  fe^ubntanees.  It  may  not 
he  »op>erfltioii«  to  here  remark,  with  ret*peet  to  the  eonceptioii  of  chemical  affinity,  tliat  a|j 
to  ih<"  |>re*ent  time  gravity^,  electricity,  and  be*tt  have  been  reftpeetively  applied  to  it« 
Hacidation.  Effort «  have  alKf*  been  made  to  intniduoe  the  himiniferouH  ether  into 
theoretical  chemiT»try,  and  should  tluit  conneetitni  between  the  phenomena  of  light  aitd 
electricity  whicdi  wuh  eKtablinhed  by  Maxwell  be  workttl  out  nn>re  in  detiiil,  donbtk^ss 
tbe«<e  effortH  to  elncidate  all  or  a  jrreat  deal  hy  the  tiUlnf  Inminiferou^  ether  will  yet  ajpiiii 
appitmf  in  theoretical  chemistry.  An  independent  chemical  mechanics  of  the  material 
p«ji;ude«  of  matter,  and  of  their  internal  (atomic)  changew.  wtmldt  in  my  opinion,  arise  a% 
Uit»  r«!«att  of  the^ie  effnrt«.  Just  an  tin*  pro^et^  made  iti  chemistry  in  th«  time  of 
LaToi^ier  wa«i  reflected  over  nil  natunil  Hcieuce,  ko  there  is  rertwon  to  think  that  an  in- 
dependent chemical  mfchanic^  wonlsl  shed  a  new  light  on  all  molecnhir  m tic luuiics,  which 
mui^t  be  eoiiBidere^d  as  the  fundamental  prohlem  of  the  exact  sciences  m  onr  tinier.  Two 
hundred  year*  ajfo  Xpwtt>ii  laid  the  fonndation  of  a  truly  scientific  tlieoretical  mechanics 
of  external  visible  niineinent,  and  erected  tlie  e<lifice  of  celewtjal  mechanics  on  this 
fmmdatioti.  One  hundred  years  ago  Lavoiwii^r  arrived  at  the  first  fundamental  law  of  the 
iniemid  mechanics  of  invinible  particles  of  matter.  This  subject  is  far  frtmi  having  been 
developed  into  a  harmoniouH  whole,  because  it  is  much  more  difficult,  and,  altliough  many 
detailii  have  t>een  completely  inveHtigated,  it  does  itot  jTO«i*e»Hi  any  starting  jjointft. 
Newton  was  poHnible  only  after  Cftpernicuh  and  Kejiler,  who  bad  discovered  the  exte- 
rior emjnrical  simplicity  of  celential  phenomena,  I^ivoiRJer  and  DaHou  may,  in  renpect 
lo  tlie  chemical  mechanicR  of  the  molecular  world,  be  cojjipitred  to  C<tpemicU8  and 
Kepler.  But  a  Newttm  haa  not  yet  apjM?are<l  in  the  molecular  world  ;  when  he  does,  I 
think  Uiat  be  will  find  the  fnndanieubil  liiws  of  the  mechanics  of  the  invisible  movt^menta 
»>f  ittMter  more  easily  and  more  fjuickly  in  the  chemical  stmcture  of  nuttier  than  in 
ptiyMcal  yihenomena  jof  electricity,  heat,  and  light),  for  the»e  hitter  are  accrkmpli$vhed  by 
jdwNMlV'disporteti  piirticlew  of  matter^  whilst  it  in  now  clear  tlnit  the  pnthlem  of  cbemicjil 
tO«chanic*  mainly  liej*  in  the  apprehension  of  tho*i«  movements  which  are  invisibly  ac- 
ecnnpli^hed  by  the  •tmalleEiit  atoms  of  matter.  The  general  laWbt>f  meclianicis,  eHtnhlihihed 
l>3r  Newton,  will  probably  serve  at*  starting  pointn  f<ir  molecular  mechanics  hut  the 
independence  of  its  range  becomes  more  evident  when  chemicul  molecules  are  coto- 
pUJTed  with  the  celeetial  systeran,  such  an  the  solar  sypitem.  Chemical  atoms  may  be 
n?garded  a**  separate  memljerw  of  such  fivstemtt  (as,  for  instance,  the  sun^  planet»t,  comets, 
and  other  heavenly  bodies!,  whilst  the  ether  of  light  may  lie  likened  to  the  cosmic  dust 
whlcli  without  doubt  is  dintribnted  thrnnghout  fcpace.  Tlie  present  condition  of  niolecuJar 
mechanics  i^,  to  a  certain  ext**ni,  copied  from  celcHtial  mechanics,  byt  tliere  is  nothing  to 
pr»»ve  tlie  entire  similarity  of  both  worlds^  although  it  ajjpears  to  the  nnnd  tlial,  starting; 
from  the  primary  elements  of  the  onity  of  creation,  such  a  repre^nt^tion  is  the  most 
likely. 
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As  the  chemical  changes  to  which  substances  are  liable  proceed 
from  internal  forces  proper  to  these  substances,  as  chemical  phenomena 
certainly  consist  of  movements  of  material  parts  (from  the  laws  of  the 
indestructibility  of  matter  and  of  elements),  and  as  the  investigation 
of  mechanical  and  physical  phenomena  proves  the  law  of  the  indestruc- 
tibility of  forces,  or  the  conservation  of  energy — that  is,  the  possibility 
of  the  transformation  of  one  kind  of  movement  into  another  (of  visible 
or  mechanical  into  invisible  or  physical) — we  are  inevitably  obliged  to 
acknowledge  the  presence  in  substances  (and  especially  in  the  elements 
of  which  all  othei-s  are  composed)  of  a  store  of  cJiemical  energy  or  in- 
visible movement  inducing  them  to  enter  into  combinations.  If  heat  be 
evolved  in  a  reaction,  it  means  that  a  portion  of  chemical  energy  is 
transformed  into  heat ;  ^^  if  heat  be  absorbed  in  a  reaction,^^  that  it  is 

''  The  theory  of  heat  gave  the  idea  of  a  store  of  internal  movement  or  energy,  and 
therefore  with  it,  it  became  necessary'  to  acknowledge  chemical  energy,  but  there  is  no 
foundation  whatever  for  identifying  heat  energy  with  chemical  energy.  It  may  be  sup- 
posed, but  not  positively  affirmed,  that  heat  movement  is  proper  to  molecules  and 
chemical  movements  to  atoms,  but  that  as  molecules  are  made  up  of  atoms,  the  movement 
of  the  one  passes  to  the  other,  and  that  for  this  reason  heat  strongly  influences  reaction 
and  appears  or  disappears  (is  absorbed)  in  reactions.  These  relations,  which  are 
apparent  and  hardly  subject  to  doubt  on  general  lines,  still  present  much  that  is  doubtful 
in  detail,  because  all  forms  of  molecular  and  atomic  movement  are  able  to  pass  into 
each  other.  On  broad  general  lines  it  must  be  acknowledged  that  as  mechanical  energy 
can  entirely  pass  into  heat  energ}'  (but  the  reverse  transition  is  accomplished  only 
partially,  according  to  the  second  law  of  heat),  so  also  heat  energy  may  pass  into 
chemical  energy,  but  it  is  doubtful,  and  even  unlikely,  that  chemical  energy  passes 
altogether  into  heat  energy.  Therefore,  the  heat  evolved  in  chemical  reactions  cannot 
serve  as  the  total  measure  of  chemical  energ}',  more  especially  as  there  are  a  number  of 
reactions  of  combination  in  which  heat  is  absorbed ;  for  instance,  the  combination  of 
charcoal  with  sulphur  is  accompanied  by  an  absorption  of  heat — probably  because  the 
molecules  of  charcoal  are  complex,  and  those  of  carbon  bisulphide  less  so,  and  the  break- 
ing up  of  the  complex  molecules  of  charcoal  requires  a  large  absorption  of  heat  (whose 
measure  we  do  not  know) — and  whilst  the  combination  of  charcoal  with  sulphur  is  accom- 
panied by  an  evolution  of  heat,  yet  we  only  observe  the  difference  of  these  two  heat 
effects. 

'5  The  reactions  which  take  place  (at  the  ordinary  or  at  a  high  temperature)  directly 
between  substances  may  be  clearly  divided  into  exothermal,  which  are  accompanied  by 
an  evolution  of  heat,  and  endothennal,  which  are  accompanied  by  an  absorption  of  heat. 
It  is  evident  that  the  latter  require  a  source  of  heat.  They  are  determined  either  by  the 
directly  surrounding  medium  (as  in  the  formation  of  carbon  bisulphide  from  charcoal  and 
sulphur,  or  in  decomi>ositions  which  take  place  at  high  temperatures),  or  else  by  a 
simultaneously  proceeding  secondary  re€u:tion.  So,  for  instance,  hydrogen  sulphide  is 
decomposed  by  iodine  in  the  presence  of  water  at  the  expense  of  the  heat  which  is 
evolved  by  tlie  solution  in  water  of  the  hydrogen  iodide  produced.  This  is  the  reason  why 
this  reaction,  as  exothermal,  only  takes  place  in  the  presence  of  water ;  otherwise  it  would 
be  accompanied  by  a  cooling  effect.  As  in  the  combination  of  dissimilar  substances,  the 
bonds  existing  between  the  molecules  and  atoms  of  the  homogeneous  substances  have  to 
be  broken  asunder,  whilst  in  reactions  of  rearrangement  the  formation  of  any  one  sub- 
stance proceeds  parallel  with  the  formation  of  another,  and,  as  in  reactions,  a  series  of 
physical  and  mechanical  changes  take  place,  it  is  impossible  to  separate  the  heat  directly 
depending  on  a  given  reaction  from  the  total  sum  of  the  obser\-ed  heat  effect.    For  thiii 
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partiT  timnslomied  ^rmderpd  Utent)  into  chemical  enm;}^-  The  st^v^ 
of  force  or  energr  gotn^  to  tiie  lomiadoD  of  nev  compocuMis  mav,  after 
■evend  comlniimtkAs;,  acconplislied  vhh  an  abaorpckn  c^  beau  at  last 
dimrnidi  to  waA  a  degree  that  iDditfpmit  compoonds  will  be  obtained, 
although  these  sometimes,  by  combining  with  eoefgetic  elements  or 
compounds,  give  more  complex  compounds,  which  maT  be  capable  of 
entering  into  chemical  combinatioii.  Amoog  elements  goM»  platinum^ 
and  nitrogen  have  bvt  little  energr,  whilst  potassium,  oxygen,  and 
chlorine  hare  a  very  marked  dei^ree  of  energy.  When  dissimilar  sub- 
stances enter  into  combination  they  often  form  substances  of  diminished 
energy.  Thus  sulphur  and  potassium  when  heated  easily  bum  in  air, 
but  nhen  ccHubined  together  their  compound  is  neither  inflammable  nor 
bums  in  air  tike  its  compcment  parts.  Part  of  the  energy  of  the 
potassium  and  of  the  sulphur  was  e^olTed  in  thor  combinati<Hi  in  the 
form  <^  heat.  Just  as  in  the  passage  of  substances  from  <me  physical 
state  into  another  a  portion  of  their  store  of  heat  is  absorbed  or 
evolved,  so  in  combinations  or  decompositions  and  in  every  chemical 
process,  there  occurs  a  change  in  the  store  k4  chemical  energy,  and  at 
the  same  time  an  evoluti<m  or  ab6orpti<m  of  heat.^ 

For  the  comprehension  of  chemical  phenomena  in  a  mechanical 
sense — i.**.,  in  the  study  of  the  modn^t  of^randi  of  chemical  phenomena  — 
it  is  at  the  present  time  most  important  to  consider  :  (1)  the  ^cts 
gathered  from  stoichiometiy,  or  that  part  of  chemistry  which  treats  of 
the  quantitative  relation,  by  weight  or  volume,  of  the  reacting  sub> 
stances  ;  (2)  the  distinction  between  the  different  forms  and  classes  of 
chemical  reactions  ;  (3)  the  study  of  the  changes  in  properties  pnxiuced 
by  alteration  in  composition  ;  (4)  the  study  of  the  phenomena  which 
accompany  chemical  transformation  ;  (5)  a  generalisation  of  the  con- 
ditions  imder  which  reactions  occur.  As  regards  stoichiometrv,  this 
branch  of  chemistry  has  been  worked  out  most  thoroughly,  and  embraces 
laws  (of  Dalton,  Avogadro-Grerhardt,  and  others)  which  bear  so  deeply 
on  all  parts  of  chemistry  that  its  entire  contemporary  standing  may  be 

reAson,  thermo-chemicAl  data  are  very  complex,  and  caimol  by  them  twelves  give  the  key 
to  many  chemical  problems,  a«  it  was  At  first  supposed  they  might.  They  ought  to  form 
a  part  of  chemical  mechanics,  but  alone  they  do  not  constitute  it. 

**  As  chemical  reactions  are  effected  by  heating,  so  the  heat  absorbed  by  substances 
before  decomposition  or  change  of  state,  and  called '  specific  heat/  goes  in  many  cases  to  the 
preparation,  if  it  may  be  so  expressed,  of  reaction,  even  when  the  limit  of  the  temi^erature 
of  reaction  is  not  attained.  Tlie  molecules  of  a  substance  A,  which  is  able  to  rvtut  on  a 
substance  B  below  a  temperature  t  by  being  heated  from  a  somewhat  lower  tem)H*rHture  to 
f.  undergoes  that  change  which  had  to  be  arrived  at  for  the  formation  of  A  B.  This 
idea  is  often  extended ;  for  instance,  it  is  supposed  that  a  given  substance  iu  its  {passage 
from  a  liquid  to  a  gaseous  state  gives  chemically  or  materially  new,  lighter,  and  simpler 
molecnlea  (is  depolymerised,  according  to  De  Uaen). 


32 


PKINCH'LES    OF   CHEMlSTIiY 


rharacterispfl  a^  the  <?poeh  nf  tlieir  circumstantial  application  to  par- 
ticular cases.  Tlie  expression  of  the  i)uaiitititive  {%'olu metric  or  gravi- 
metric) composition  of  substances  now  fonus  the  :>iost  impurtiint  pro- 
blem of  chemical  research,  aod  therefore  the  entire  further  exposition 
of  the  subject  is  subordinate  t«k  sfcokhiouietrioal  laws.  All  other 
branches  of  chemistry  at'e  clearly  subonlinate  to  this*  most  important 
p^irtion  of  chemical  knowletl^e.  Even  the  very  signiticatioii  oi  re- 
actions of  cunibination,  decoinpositimu  and  rearm ugement,  aet|uire<l,  as 
we  shall  see,  a  particular  and  uew  character  under  the  itifluenee  of  the 
progress  of  exact  ideas  concerning  the  quantitative  relations  of  sub- 
stances  entering  into  elienneal  changes.  Fui*tbermore»  in  this  sense 
there  arose  a  new  anrl,  uf)  to  then,  unknown  -division  of  compound 
substances  int< » tMjiife  and  inifefimle  compounds.  Even  at  the  beginning 
of  this  century,  Berthollet  had  not  made  this  distinction.  But  Prout 
showed  that  a  luiuiber  of  coiupounds  oontaiji  the  substances  of  which 
they  are  com|>i»sed  and  into  which  they  break  up,  in  exact  detinite  pro- 
portions by  w^eight,  wltiih  are  unalterable  under  any  conditions.  Thus, 
for  example,  red  mercury  oxide  contains  sixteen  parts  by  w^eight  of 
oxygen  for  every  -00  parts  by  weight  of  mercury,  wdiich  is  expressed 
by  the  fonnula  HgO.  But  in  an  alloy  of  copper  and  silver  one  or  the 
other  metnl  may  l>e  aihled  at  will,  and  in  an  aijueous  solution  nf  sugar, 
the  relative  proportion  of  the  sugar  and  water  may  l>e  altered  antl 
nevertheless  a  homogenenus  whole  with  the  sum  of  the  independent 
properties  will  be  obtained — ij'.^  in  these  cases  there  was  indefinite 
chemical  coiiil>i nation-  Although  in  nature  and  chemical  pmctice  the 
formation  of  indefiniti^  compounds  (sucli  as  alloys  ami  s<^>lwtions)  plays 
as  essential  a  part  as  the  formation  of  detrnite  chemical  compounds,  yet, 
as  the  stoichiometrical  laws  at  present  apply  <  hietly  to  the  latter,  all 
facts  concerning  judf tinite  c<»mp<junds  suH'er  from  inexactitude^  and  it 
is  only  during  recent  years  that  the  attention  of  chemists  hns  been 
directed  t<i  this  province  of  chemistry. 

In  chemical  meclianicsit  is,  from  a  qualitative  point  of  view,  very  im- 
p*irtantto  elearlvdistin^uish  at  the  very  beginning  between  my  m/!*/e  and 
'non-rfiVf^TAthh  rt'admn^.  One  <ir  several  substances  capable  of  reacting  on 
each  other  at  a  cert^iin  temperature  prorluce  substJinces  which  at  t!ie  same 
temperature  either  c^m  or  cannot  give  liack  the  original  substances.  For 
example,  salt  dissolves  in  water  at  the  ordinary  temperature,  and  the 
soluti**n  sfj  obtained  is  caj«ible  of  breaking  wp  at  the  same  tempei-ature, 
lexiving  sail  and  separaiting  the  water  Viy  eva|^^M>mtitMu  Carbon  bisul- 
phide is  formt^l  fmm  sulphur  and  carbon  at  the  same  temf>eratui'*^  at 
which  it  can  be  resolved  inti)  sulphur  and  carlKvn.  Iri>n,  at  a  certain 
temperature,  separates  hydrogen  from  water,  forming  iron  oxide,  which, 
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in  contact  with  hydrogen  at  the  same  temperature,  is  able  to  produce 
iron  and  water.     It  is  eWdent  that  if  two  substances,  A  and  B,  give 
two  others  C  and  D,  and  the  reaction  be  reversible,  then  C  and  D  will 
form  A  and  B,  and,  consequently,  by  taking  a  definite  mass  of  A 
and  By  or  a  corresponding  mass  of  C  and  D,  we  shall  obtain,  in  each 
case,  all  four  substances — that  is  to  say,  there  will  be  a  state  of  chemical 
equilibrium  between  the  reacting  substances.     By  increasing  the  mass 
f»f  one  of  the  substances  we  obtain  a  new  condition  of  equilibrium,  so 
that  reversible  reactions  present  a  means  of  studying  the  influence  of 
ioass  on   the  mod f is  oj)erandi  of  chemical  changes.     Many  of  those 
reactions  which  occur  with  very  complicated  compounds  or  mixtures 
may  serve  as  examples  of  non- reversible  reacticms.     Tlius  many  of  the 
compound  substances  of  animal  and  vegetable  organisms  are  broken 
up  by  heat,  but  cannot  l>e  re-formed  from  their  products  of  decomposi- 
tion at  any  temperature.     Gunpowder,  as  a  mixture  of  sulphur,  nitre, 
and  carbon,  on  burning,  forms  gases  from  which  the  original  sul)stances 
cannot  be  re-formed  at  any  temperature.     In  order  to  obtiiin  them,  re- 
course must  be  had  to  an  indircKJt  method  of  combination  at  the  moment 
of  sejMration.     If  A  does  not  under  any  circumstances  combine  dii'ectly 
with  B,  it  does  not  imply  that  it  cannot  give  a  compound  A  B.     For 
A  can   often  combine  with   C  and   B  with  D,  and  if  C  has  a  gi-eat 
affinity  for  D,  then  the  re.action  of  A  C  on  B  D  produces  not  t)nly  C  D, 
but  also  A  B.     As  on  the  formation  of  C   D,  t  he  substances  A  and  B 
(previously  in  A  C  and  B  D)  are  left  in  a  peculiar  state  of  8e|>aration, 
it  is  supposed  that  their  mutual  combination  occurs  l>ecause  they  meet 
t<^»gether  in  this  nascent  state  at  the  moment  of  sejxiration  (in  statu 
nascendi).     Thus   chlorine   does  not   directly  combine  with  charcoal, 
graphite,  or  the  diamond,  nevertheless  there  are  comj>ounds  of  chlorine 
with  carbon  and  many  of  them  are  distin<ruishe<l  by  their  stability. 
They  are  obtained  dunng  the  action  of  chlorine  on  hydnMviibons,  as 
the  separation  product.s  from  the  direct  action  of  chlorine  on  hydrogen. 
Chlorine  takes  up  the  hydrogen,  and  the  fi-eed  carbon  at  the  moment 
of  its  separation  entei-s  into  combination  with  another  portion  of  the 
chlorine,  so  that  in  the  end  the  chlorine  is  combined  with  lK>th  the 
hydrogen  and  the  carlwn.^*' 

*•  It  is  possible  to  imagine  that  the  cause  of  agreat  many  of  sucli  ivtietions  i,.,  tliat  Huh- 
fttances  taken  in  a  sejiarate  state,  for  instance,  cliarcoal,*  presont  u  t»»nipl»*x  nu^lecule 
composed  of  separate  atoms  of  carbon  which  are  fastene<l  together  uniitod,  as  is  usually 
Kaid)  by  a  considerably  affinity;  for  atoms  of  the  same  kind,  just  likt*  atoms  of  diflffrent 
kinds,  possess  a  mutual  affinity.  The  affinity  of  chlorine  for  carbon.  alth<>uj:li  unable 
to  break  this  bond  asunder,  may  be  sufficient  to  form  a  stable  conipouml  with  already 
separate  atoms  of  carbon.  Such  a  view  of  the  subject  presents  a  hyp(»th«»sis  which, 
although  dominant  at  present,  is  without  sufficiently  firm  foundation.     Wi»ro  the  matter 
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As  regards  those  phenomena  which  accompany  chemical  action,  the 
most  important  circumstance  in  refei*ence  to  chemical  mechanics  is  that 
not  only  do  chemical  processes  produce  a  mechanical  displacement  (a 
visible  disturbance),  heat,  light,  electrical  potential  and  current  ;  but 
that  all  these  agents  are  themselves  capable  of  changing  and  governing 
chemical  transformations.  This  reciprocity  or  reversibility  naturally 
depends  on  the  fact  that  all  the  phenomena  of  nature  are  only  different 
kinds  and  forms  of  visible  and  invisible  (molecular)  movement.  First 
sound,  and  then  light,  was  shown  to  consist  of  vibratory  movements,  as 
the  laws  of  physics  have  proved  and  developed  beyond  a  doubt.  Then, 
the  connection  between  heat  and  mechanical  motion  and  work  has 
ceased  to  be  a  supposition,  but  has  become  a  known  fact,  and  the 
mechanical  equivalent  of  heat  (424  kilogrammetres  of  mechanical  work 
correspond  with  one  kilogram  unit  of  heat  or  Calorie)  gives  a  mecha- 
nical measure  for  heat  phenomena.  Although  the  mechanical  theory 
of  electrical  phenomena  cannot  be  considered  so  fully  developed  as  the 
theory  of  heat,  nevertheless  there  can  be  no  doubt  but  that  the  elec- 
trical state  of  substances,  and  electric  or  galvanic  currents,  represent  a 
peculiar  form  of  motion  ;  more  especially  as  both  statical  and  dyna- 
mical electricity  are  produced  by  mechanical  means  (in  common  elec- 
trical machines  or  in  Gramme  or  other  dynamos),  and,  as  conversely,  a 
current  (in  electric  motors)  can  produce  mechanical  motion,  as  heat 
produces  motion  in  heat  (steam,  gas,  or  air)  engines.  Thus  by  passing 
a  current  through  the  poles  of  a  Gramme  dynamo  it  may  be  made 
to  revolve,  and,  conversely,  by  revolving  it  an  electrical  current  is 
produced,  which  demonstrates  the  reversibility  of  electricity  into 
mechanical  motion.  Therefore,  chemical  mechanics  must  look  for  the 
fundamental  lines  of  its  advancement  in  the  correlation  of  chemical 
with  physical  and  mechanical  phenomena.  But  this  subject,  owing  to 
its  complexity  and  comparative  novelty,  has  not  yet  been  subjected  to 
a  harmonious  theory,  or  even  to  a  satisfactory  hypothesis,  and  there- 
fore we  shall  avoid  lingering  over  it. 

A  chemical  change  in  a  certain  direction  is  accomplished  not  only 

as  simple  as  it  appears  to  be,  according  to  this  hjrpothesis,  one  would  expect,  for 
instance,  that  the  compounds  of  carbon  with  chlorine  would  be  easily  decomposable  by 
reason  of  the  supposed  considerable  affinity  of  the  separate  atoms  of  carbon,  which  should 
therefore  tend  to  mutual  combination  and  the  formation  of  charcoal.  It  is  evident,  how- 
ever, that  not  only  does  reaction  itself  consist  of  movements,  but  that  in  the  compound 
formed  (in  the  molecules)  the  elements  (atoms)  forming  it  are  in  harmonious  stable  move- 
ment (like  the  planets  in  the  solar  system),  and  this  movement  will  affect  the  stability 
and  capacity  for  reaction,  and  therefore  these  depend  not  only  on  the  affinity  of  the 
participating  substances,  but  also  on  the  conditions  of  reaction  which  change  the  state  of 
movement  of  the  elements  in  the  molecules,  as  well  as  on  the  nature,  form,  and  inten- 
sity of  those  movements  which  the  elements  have  in  their  given  state.  In  a  word,  the 
mechanical  side  of  chemical  action  must  be  exceedingly  complex. 
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by  reason  of  the  difference  of  masses,  the  composition  of  the  sub- 
stances concerned,  the  distribution  of  their  parts,  and  their  affinity  or 
chemical  energy,  but  also  by  reason  of  the  conditiotis  under  which  the 
substances  occur,  and  these  conditions  differ  for  every  particular  reac- 
tion. In  order  that  a  certain  chemical  reaction  may  take  place  between 
substances  which  are  capable  of  reacting  on  each  other,  it  is  often 
necessary  to  have  recourse  to  conditions  which  are  sometimes  very 
different  from  those  in  which  the  substances  usually  occur  in  nature. 
For  example,  not  only  is  the  presence  of  air  (oxygen)  necessary  for  the 
combustion  of  charcoal,  but  the  latter  must  also  be  heated  to  redness. 
The  red-hot  portion  of  the  charcoal  burns — i.e.,  combines  with  the 
oxygen  of  the  atmosphere— and  in  doing  so  evolves  heat,  which  heats 
the  adjacent  parts  of  charcoal,  which  are  thus  able  to  burn.  Just  as 
the  combustion  of  charcoal  is  dependent  on  its  being  heated  to  red- 
ness, so  also  every  chemical  reaction  only  takes  place  under  certain 
physical,  mechanical,  or  other  conditions.  The  following  are  the 
chief  conditions  which  exert  an  influence  on  the  progress  of  chemical 
reactions. 

(a)  Temperature. — Chemical  reactions  of  combination  only  take 
place  within  certain  definite  limits  of  temperature,  and  cannot  be 
accomplished  outside  these  limits.  As  examples  we  may  cite,  not  only 
that  the  combustion  of  charcoal  begins  at  a  red  heat,  but  also  that 
chlorine  and  salt  only  combine  with  water  at  a  tempemture  below  0°. 
These  compounds  cannot  be  formed  at  a  higher  temperature,  for  they 
are  then  wholly  or  partially  broken  up  into  their  component  parts. 
A  certain  rise  in  temperature  is  necessary  to  start  combustion.  In 
certain  cases  the  effect  of  this  rise  may  be  explained  as  causing  one 
of  the  reacting  bodies  to  change  from  a  solid  into  a  liquid  or  gaseous 
form.  The  transference  into  a  fluid  form  facilitates  the  progress  of 
the  reaction,  because  it  aids  the  intimate  contact  of  the  particles  acting 
on  each  other.  Another  reason,  to  which  must  be  ascribed  the  chief 
influence  of  heat  in  exciting  chemical  action,  is  that  the  physical  cohe- 
sion, or  the  internal  chemical  union,  of  homogeneous  particles  is  thereby 
weakened,  and  therefore  the  separation  of  the  particles  of  the  sub- 
.stances  taken,  and  their  transference  into  new  compounds,  is  rendered 
easier.  When  a  reaction  absorbs  heat — as  in  decomposition,  where  the 
heat  is  transformed  into  latent  chemical  energy — the  reason  wh}-  heat 
is  necessary  is  self-evident. 

It  is  most  important  to  observe  the  effect  of  an  elevation  of  tem- 
perature on  all  compounds,  as  there  is  reason  to  believe  that  they  are 
all  decomposed  at  a  more  or  less  high  temperature.  We  have  already 
seen  examples  of  this  in  describing  the  decomposition  of  mercury  oxide 
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into  mercury  and  oxygen,  and  the  decomposition  of  wood  under  the 
influence  of  heat.  Many  substances  are  decomposed  at  a  very  mode- 
rate temperature  ;  for  instance,  the  fulminating  salt  which  is  employed 
in  cartridges  is  decomposed  at  a  little  above  120°.  The  majority  of 
those  compounds  which  make  up  the  mass  of  animal  and  vegetable 
matters  are  decomposed  at  250^.  On  the  other  hand,  there  is  reason 
to  think  that  at  a  very  low  temperature  no  reaction  whatever  can 
take  place.  Thus  plants  cease  to  carry  on  their  chemical  processes 
during  the  winter.  Every  chemical  reaction  requires  certain  limits 
of  temperature  for  its  accomplishment,  and,  doubtless,  many  of  the 
chemical  changes  observed  by  us  cannot  take  place  in  the  sun,  where 
the  tempemture  is  very  high,  or  on  the  moon,  where  it  is  very  low. 

The  influence  of  heat  on  reversible  reactions  is  particularly  instruc- 
tive. If,  for  instance,  a  compound  which  is  capable  of  being  reproduced 
from  its  products  of  decomposition  be  heated  up  to  the  temperature  at 
which  decomposition  begins,  the  decomposition  of  a  mass  of  the  sub- 
stance contained  in  a  definite  volume  is  not  immediately  completed. 
Only  a  certain  fraction  of  the  substance  is  decomposed,  the  other  por- 
tion remaining  unchanged,  and  if  the  temperature  l>e  raised,  the  quan- 
tity of  the  substance  decomposed  increases  ;  furthermore,  for  a  given 
volume  the  ratio  between  the  part  decomposed  and  the  part  unaltere<l 
corresponds  with  each  definite  rise  in  temperature  until  it  reaches  that 
at  which  the  compound  is  entirely  decomposed.  This  partial  decom- 
position under  the  influence  of  heat  is  called  dissociation.  It  is  pos- 
sible to  distinguish  between  the  temperatures  at  which  dissociation 
begins  and  ends.  Should  dissociation  proceecl  at  a  certain  temperature, 
yet  should  the  product  or  products  of  decomposition  not  remain  in 
contact  with  the  still  undeeomposed  portion  of  the  compound,  then 
decomposition  will  go  on  to  the  end.  Thus  limestone  is  decomposed 
in  a  limekiln  into  lime  and  carbonic  anhydride,  because  the  latter  is 
carried  off*  by  the  draught  of  the  furnace.  But  if  a  certain  mass  of 
limeslune  be  enclosed  in  a  definite  volume— for  instance,  in  a  gun 
barrel — which  is  then  sealed  up,  and  heated  to  redness,  then,  as  the 
carlxmic  anhydride  cannot  escape,  a  certain  proportion  only  of  the 
limestone  will  be  decomposed  for  every  increment  of  heat  (rise  in  tem- 
perature) higher  than  that  at  which  dissociation  begins.  Decomposition 
will  cease  when  the  carbonic  anhydride  evolved  presents  a  maximum 
diHSocitttion  pressure  corresponding  with  each  rise  in  temperature.  If 
the  pressui-e  be  increased  by  increasing  the  quantity  of  gas,  then  com- 
bination begins  afresh  ;  if  the  pressure  be  diminished  decomposition 
will  recommence.  Decomposition  in  this  case  is  exactly  similar  to 
evaporation  ;  if  the  steam  given  otf  by  evaporation  cannot  escape,  its 
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pressure  will  re€u;h  a  maximum  corresponding  with  the  given  tempera- 
ture, and  then  evaporation  will  cease.  Should  steam  be  added  it  will 
be  condensed  in  the  liquid  ;  if  its  quantity  be  diminished — i.e.,  if  the 
pressure  be  lessened,  the  temperature  being  constant — then  evaporation 
will  go  on.  We  shall  afterwards  discuss  more  fully  these  phenomena  of 
dissociation,  which  were  first  discovered  by  Henri  St.  Claire  Deville. 
We  will  only  remark  that  the  products  of  decomposition  re-combine 
with  greater  facility  the  nearer  their  temperature  is  to  that  at  which 
dissociation  begins,  or,  in  other  words,  that  the  initial  temperature  of 
dissociation  is  near  to  the  initial  temperature  of  combination. 

(6)  The  in/licence  of  an  electric  current,  and  of  electricity  in  general, 
on  the  progress  of  chemical  transformations  is  very  similar  to  the 
influence  of  heat.  The  majority  of  compounds  which  conduct  elec- 
tricity are  decomposed  by  the  action  of  a  galvanic  current,  and  there 
being  great  similarity  in  the  conditions  under  which  decomposition  and 
combination  proceed,  combination  often  proceeds  under  the  influence 
of  electricity.  Electricity,  like  heat,  must  be  regarded  as  a  peculiar 
form  of  molecular  motion,  and  all  that  which  refers  to  the  influence  of 
heat  also  refers  to  the  phenomena  pro<iuced  by  the  action  of  an  electrical 
current,  only  with  this  difference,  that  a  substance  can  be  separated 
into  its  component  parts  with  much  greater  ease  by  electricity,  as  the 
process  goes  on  at  the  ordinary  temperature.  The  most  stable  com- 
pounds may  be  decomposed  by  this  means,  and  a  most  important  fact 
is  then  observed — namely,  that  the  component  parts  appear  at  the 
different  poles  or  electrodes  by  which  the  current  passes  through  the 
substance.  Those  substances  which  appear  at  the  positive  pole  (anode) 
are  called  *  electro- negative,'  and  those  which  appear  at  the  negative 
pole  (cathode,  that  in  connection  with  the  zinc  of  an  ordinary  galvanic 
battery)  are  called  *  electro-positive.'  The  majority  of  non-metallic 
elements,  such  as  chlorine,  oxygen,  itc,  and  also  acids  and  substances 
analogous  to  them,  l>elong  to  the  first  group,  whilst  the  metals,  hydro- 
gen, and  analogous  products  of  decomposition  appear  at  the  negative 
pole.  Chemistry  is  indebted  to  the  decomposition  of  compounds  by  the 
electric  current  for  many  most  important  discoveries.  Many  elements 
have  been  discovered  by  this  method,  the  most  important  being  potas- 
sium and  sodium.  Lavoisier  and  the  chemists  of  his  time  were  not 
able  to  decompose  the  oxygen  compounds  of  these  metals,  but  Davy 
showed  that  they  might  be  decomposed  by  an  electric  current,  the 
metals  sodium  and  potassium  appearing  at  the  negative  pole. 

(c)  Certain  unstable  compounds  are  also  decomposed  by  the  action  of 
light.  Photography  is  based  on  this  property  in  certain  substances  (for 
instance,  in  the  salts  of  silver).     The  mechanical  energy  of  those  vibra- 
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tions  which  detennine  the  phenomena  of  light  is  very  small,  and  there- 
fore only  certain,  and  these  generally  unstable,  compounds  can  be  decom- 
posed by  light — at  least  under  ordinary  circumstances.  But  there  is 
one  class  of  chemical  phenomena  dependent  on  the  action  of  light 
which  forms  as  yet  an  unsolved  problem  in  chemistry — these  are  the 
processes  accomplished  in  plants  under  the  influence  of  light.  Here 
there  take  place  most  unexpected  decompositions  and  combinations, 
which  are  often  unattainable  by  artificial  means.  For  instance,  carbonic 
anhydride,  which  is  so  stable  under  the  influence  of  heat  and  electricity, 
is  decomposed,  and  evolves  oxygen  in  plants  under  the  influence  of 
light.  In  other  cases,  light  decomposes  unstable  compounds,  such  as 
are  usually  easily  decomposed  by  heat  and  other  agents.  •  Chlorine 
combines  with  hydrogen  under  the  influence  of  light,  which  shows  that 
combination,  as  well  as  decomposition,  can  be  determined  by  its  jiction, 
as  was  likewise  the  case  with  heat  and  electricity. 

(d)  Mechanical  effects  exert,  like  the  foregoing  agents,  an  action 
both  on  the  process  of  chemical  combination  and  of  decomposition. 
Many  substances  are  decomposed  by  friction  or  by  a  blow— as,  for 
example,  the  compound  called  iodide  of  nitrogen  (which  is  composed  of 
iodine,  nitrogen,  and  hydrogen),  and  silver  fulminate.  Mechanical 
friction  causes  sulphur  to  burn  at  the  expense  of  the  oxygen  contained 
in  potassium  chlorate. 

(e)  Besides  the  various  conditions  which  have  been  enumerated 
above,  the  progress  of  chemical  reactions  is  accelerated  or  retarded  by 
the  co7idition  of  contact  in  which  the  reacting  bodies  occur.  Other 
conditions  remaining  constant,  the  rate  of  progress  of  a  chemical  re- 
action is  accelerated  by  increasing  the  number  of  points  of  contact.  It 
will  be  enough  to  point  out  the  fact  that  sulphuric  acid  does  not  absorb 
ethylene  under  ordinary  conditions  of  contact,  but  only  after  con- 
tinued shaking,  by  which  means  the  number  of  points  of  contact  is 
greatly  increased.  To  ensure  full  action  between  solids,  it  is  necessary 
to  reduce  them  to  very  fine  powder  and  tt)  mix  them  as  thoroughly  as 
possible,  as  by  this  means  their  reaction  is  greatly  accelerated.  M. 
Spring,  the  Belgian  chemist,  has  shown  that  finely-powdered  solids 
which  do  not  react  on  each  other  at  the  ordinary  temperature  may 
undergo  reaction  under  an  increased  pressure.  Thus,  under  a  pressure 
of  6,000  atmospheres,  sulphur  combines  with  many  metals  at  the  ordinary 
temperature,  and  the  powders  of  many  metals  form  alloys.  It  is  evident 
that  an  increase  in  the  number  of  points  or  surfaces  must  be  regarded 
as  the  chief  cause  producing  reaction,  which  is  doubtless  accomplished 
in  solids,  as  in  liquids  and  gases,  in  virtue  of  an  internal  movement  or 
mobility  of  the  particles,  which  movement,  although  in  different  degrees 
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and  forms,  must  exist  in  all  the  states  of  matter.  It  is  very  important 
to  direct  attention  to  the  fact  that  the  internal  movement  or  condition 
of  the  parts  of  the  particles  of  matter  must  be  different  on  the  surface 
of  a  substance  from  what  it  is  inside  ;  because  in  the  interior  of  a  sub- 
stance similar  particles  are  acting  on  all  sides  of  every  particle,  whilst 
at  the  surface  they  only  act  on  one  side.  Therefore,  the  condition  of 
a  substance  at  its  surfaces  of  contact  with  other  substances  must  be 
more  or  less  modified  by  them — it  may  be  in  a  manner  similar  to  that 
caused  by  an  elevation  of  temperature.  These  considerations  throw 
some  light  on  the  action  in  the  large  class  of  contact  reactions ;  that 
is,  such  as  seem  to  proceed  from  the  mere  presence  (contact)  of  certain 
special  su)>stances.  Porous  or  powdery  substances  are  very  prone  to 
act  in  this  way,  especially  spongy  platinum  and  charcoal.  For  example, 
sulphurous  anhydride  does  not  combine  directly  with  oxygen,  but  tliis 
reaction  takes  place  in  the  presence  of  spongy  platinum.  ^^ 

The  above  general  and  introductory  chemical  conceptions  cannot  be 
thoroughly  grasped  in  their  true  sense  without  a  knowledge  of  the 
particular  facts  of  chemistry  to  which  we  shall  now  turn  our  attention. 
It  was,  however,  absolutely  necessary  to  become  acquainted  on  the 
very  threshold  with  such  fundamental  principles  as  the  laws  of  the 
indestructibility  of  matter  and  of  the  conservation  of  energy,  as  it  is 
only  by  their  acceptance,  and  under  their  direction  and  influence,  that 
the  examination  of  particular  facts  can  give  practical  and  fruitful  results. 

^  Contact  phenomena  are  separately  considered  in  detail  in  the  work  of  Professor 
KonovalofiF  (lb84).  In  my  opinion,  one  must  consider  that  the  state  of  the  internal  move- 
ments of  the  atoms  in  molecules  is  modified  at  the  points  of  contact  of  substances,  and 
this  state  determines  chemical  reactions,  and  therefore,  that  reactions  of  combmation, 
decomposition,  and  rearrangement  are  accomplished  by  contact.  Professor  Konovaloff 
showed  that  a  number  of  substances  under  certain  conditions  of  their  surfaces  act  by  con- 
tact;  for  instance,  powdery  silica  <from  the  hydrate)  acts  just  like  platmum.  decom- 
posing certain  compound  ethers.  As  reactions  are  only  accomplished  under  close  contact, 
it  is  probable  that  those  modifications  in  the  distribution  of  the  atoms  in  molecules  which 
come  about  by  contact  phenomena  prepare  the  way  for  them.  By  this  the  role  of  con- 
tact phenomena  is  considerably  extended.  By  such  phenomena  the  fact  should  be 
explained  why  a  mixture  of  hydrogen  and  oxygen  yields  water  (explodes)  at  different 
temperatures  according  to  the  kind  of  heated  substance  which  transmits  this  tempera- 
ture. In  chemical  mechanics,  phenomena  of  this  kind  have  great  imi»ortance,  but  as  yet 
they  have  been  but  Uttle  studied. 
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CHAPTER  I 

ON   WATER   AND   ITS   COMPOUNDS 

Water  is  found  almost  everywhere  in  nature,  and  in  all  three  physical 
states.  As  vapour,  water  occurs  in  the  atmosphere,  and  in  this  form 
it  is  distiibuted  over  the  entire  surface  of  the  earth.  The  vapour  of 
water  in  condensing,  by  cooling,  fonns  snow,  rain,  hail,  dew,  and  fog. 
One  cubic  metre  (or  1,000,000  cubic  centimetres,  or  1,000  litres,  or 
35*316  cubic  feet)  of  air  can  contain  at  0°  only  4*8  grams  of  water,  at 
20°  about  17*0  gi-ams,  at  40°  about  50*7  grams  ;  but  ordinary  air  only 
contains  about  60  per  cent,  of  the  possible  moisture.  Air  containing 
less  than  40  per  cent,  of  the  possible  moisture  is  felt  to  be  dry,  and  air 
which  contains  more  than  80  per  cent,  of  the  possible  moisture  is  con- 
sidered as  already  damp.^     Water  in  the  liquid  state,  in  falling  as  rain 

^  III  practice,  the  chemist  has  to  contimuilly  deal  with  gases,  and  gases  are  often 
collected  over  water ;  in  which  case  a  certain  amount  of  water  passes  into  vapour, 
and  this  vapour  mingles  with  the  gases.  It  is  therefore  most  important  that  he 
should  be  able  to  calculate  tlie  amount  of  water  or  of  moiaiure  in  air  and  other  gases. 
Let  us  consider  the  relations  in  volume  and  weight  which  exist  in  this  case.  Let  us 
imagine  a  cylinder  standing  in  a  mercury  bath,  and  filled  with  a  dry  gas  whose  volume 
equals  r,  temperature  t^y  and  pressure  or  tension  h  mm.  {h  millimetres  of  the  column  of 
mercury  at  0  ).  We  will  introduce  water  into  the  cylinder  in  such  a  (puuitity  that  a  small 
part  remains  in  the  liquid  state,  and  consequently  that  the  gas  will  be  saturated  witli 
aqueous  vapour  ;  the  volume  of  the  gas  will  then  increase  (if  a  larger  (piantity  of  water  be 
taken  some  of  the  gas  will  be  dissolved  in  it,  and  the  volume  may  therefore  be  diminished). 
We  will  further  suppose  that  the  temperature  remains  constant  after  the  addition  of 
the  water;  then  the  pressure  (as  the  volume  increases  the  mercury  in  the  cylinder 
falls,  consequently  the  pressure  is  increased)  and  the  volume  is  increased.  In  order  tu 
investigate  the  phenomenon  we  will  artificially  increase  the  pressure,  and  reduce  the 
volume  to  the  original  volume  r.  Then  the  pressure  or  tension  will  prove  greater  than 
h,  namely /i+/,  which  means  that  by  the  introduction  of  aqueous  vapour  the  tension 
of  the  gas  is  increased.  The  researches  of  Dalton,  Gay-Lussac,  and  Regnault  showed 
that  this  increase  is  ecjual  to  the  maximum  jiressure  which  is  j)r<)i)er  to  the  aqueous 
vapour  at  the  tomiierature  at  which  the  obsfrvation  is  made.  The  maximum  pressure 
for  all  temperatures  may  be  found  in  tlu'  tables  made  from  ol)servations  on  the  tension 
of  aqueous  vajKmr.  The  quantity/ will  be  e<iual  to  this  maximum  i^ressure  of  aqueous 
vapimr.  This  may  be  ex])ressed  thus  :  the  maxinmm  tension  of  aqueous  vapour  (luid  of 
all  othiT  vapours)  saturating  a  space  in  a  vacuum  or  in  luiy  gas  is  the  same.  This 
rule  is  known  as  Daf ton's  laic.  Thus  we  have  a  volume  of  dry  gas  r,  under  a  pressure 
h,  and  a  volume  of  moist  gas,  saturated  with  vapour,  under  a  preshure  //  +  /.  The  volume 
V  of  the  dry  gas  under  a  pressure  h  +/  occupies,  according  to  the  law  of  Mariotte,  a 
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and  snow,  soaks  into  the  soil  and  collects  together  into  springs,  lakes, 
rivers,  seas,  and  oceans.     It  is  absorbed  from  the  soil  by  the  roots  of 

volume    ^     ;  consequently  the  volume  occupied  by  the  aqueous  vapour  under  the 

pressure  A +/ equals  t?  — -^     ,  or  -^•'    .     Thus  the  volumes  of  the  dry  gas  and  of  the 
/*  +/         h  -^  f 

moisture  which  occurs  in  it,  at  a  pressure  h  +/,  are  in  the  ratio  f:h.     And,  therefore,  if 

the  aqueous  vapour  saturates  a  space  at  a  pressure  ;i,  the  volumes  of  the  dry  air  and  of 

the  moisture  which  is  contained  in  it  are  in  tlie  ratio  n— /:/,  where  /  is  the  pressure  of 

the  vapour  according  to  the  tables  of  vapour  tension.     Thus,  if  a  volume  N  of  a  gas 

saturated  with  moisture  be  measured  at  a  pressure  H,  then  the  volume  of  the  gas,  when 

TT f 

dry,  will  be  equal  to  N  •',  because  the  volume  N  requires  to  be  divided  into  parts 
which  are  in  the  ratio  H  — / :/.     In  fact,  the  entire  volume  N  must  be  to  the  volume  of 

dry  gas  x  as  H  is  to  H— /;  therefore,  N  :  j:  =  H  :  H-/,  from  which  x  =  N- T"-^.  Under 

M 

J.JJ  jj f 

any  other  pressure — for  instance,  760  nun. — the  volume  of  dry  gas  will  be        ,  or         •' 

*^                                                                                            "^  *^                    760  700 

And  thus  we  obtain  the  following  practical  rule  :  If  a  volume  of  a  gas  saturated  with 
aqueous  vapour  be  measured  at  a  pressure  H  mm.,  then  the  volume  of  drj*  gas  contained 
in  it  will  be  obtained  by  finding  the  volume  corresponding  with  the  pressure  H,  less  the 
pressure  due  to  the  aqueous  vapour  at  the  temperature  of  observation.  For  example, 
87'5  cubic  centimetres  of  air  saturated  with  aqu(K)us  vapour  was  measured  at  a  tempera- 
ture of  15'3^,  and  under  a  pressure  of  747'3  mm.  of  mercury  (at  0°).  What  will  be  the 
volume  of  dry  gas  at  0°  and  760  mm.  ?  The  pressure  of  afjueous  vapour  corresponding 
with   15'3'^  is  equal  to  12'9  mm.,  and  therefore  the  volume  of  dry  gas  at  15'8°  and 

747'H l****l  T'ii*^ 

747-8  mm.  is  equal  to  87-5  x  '*'  "*     ''*"';  at  760  mm.  it  will  be  equal  to  37-5  x    '^**. 
747-3  *  760  • 

and  at  0'^  the  volume  of  drv  gas  will  be  37*5  x  "^  ^^-  x ^^      ^  34-31  c.c. 

'  ^  760      273-15-3 

From  this  rule  may  also  be  calculated  what  fraction  of  a  volume  of  gas  is  occupied  by 

moisture  under  the  ordinary-  pressure  at  different  temperatures ;  for  instance,  at  30°  C 

/"sSl'S,  consequently  100  volumes  of  u  moist  gas  or  air,  at  760  mm.,  contain  a  volume  of 

Hl'.'i 
aqueous  vapour  100  x         ,   or    4110;    also  it  is  found   that   at   0-    there   is   contained 
700 

0-61  p.c.  by  volume,  at  10*^  l-21p.c.,at  20^  2*29  p.c.,and  at  50^  up  to  1211p.c.     From  this 

it  may  be  judged  how  great  an  error  might  be  mode  in  the  volumetric  determination 

of  gases  were  the  moisture  not  taken  into  consideration.     From  this  it  is  also  evident 

how  great  are  the  variatiotis  in  volume  of  the  atmosphere  when  it  loses  or  gains  aqueous 

vapour,  which  again  explains  a  number  of  atmospheric  phenomena  (winds,  variation  of 

pressure,  precipitations,  storms,  iVrc). 

If  aqueous  vapour  does  not  saturate  a  gas,  then  it  is  indispensable  that  the  degree  of 

moisture  should  be  known  in  order  t<i  determine  the  volume  of  dry  gas  from  the  volume 

of  moist  gas.     The  preceding  ratio  gives  the  maximum  quantity  of  water  whicli   can 

be  held  in  a  gas,  and  the   degree  of  moisture  shows  what  fraction  of  this  maximum 

quantity  occurs  in  a  given  case,  when  the  vapour  does  not  saturate  the  space  occupied 

by  the  gas.     Consequently,  if  the  degree  of  njoisture  equals  50  j).c. — that  is,  half  the 

maximum — then  the  volume  of  dry  gas  at  760  nun.  is  e(]ual  to  the  volume  of  dry  gas 

at  760  mm.  multiplied  by  ^•',  or,  in  general,  bv  *~    -^j  where  r  is  the  degree  of  niois- 

7(>0  *     760 

ture.  If,  therefore,  it  is  required  to  measure  the  volume  of  a  mcnst  gas,  it  must  either  be 
entirely  dried  or  quite  saturated  with  moisture,  or  else  the  degree  (»f  moisture  deter- 
mined. The  first  and  last  methods  are  inconvenient,  and  therefore  recourse  is  usually 
had  to  the  second.  For  this  puriH)se  water  is  introduced  into  the  cylinder  holding  the 
gas  to  be  measured  ;  it  is  left  for  a  certain  time  ^)  that  the  gas  may  become  saturated, 
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plants,  which,  when  fresh,  contain  from  40  to  80  per  cent,  of  water  hy 
weight.     Animals  contain  about  the  same  amount  of  water.     In  a 

the  precaution  being  taken  that  a  portion  of  the  water  remains  in  a  liquid  state ;  then 
the  volume  of  the  moist  gas  is  determined,  from  which  that  of  the  dry  gas  may  be 
calculated.  In  order  to  find  the  weight  of  the  aqueous  vapour  in  a  gas  it  is  necessary 
to  know  the  weight  of  a  cubic  measure  at  0^  and  7G0  mm.  Knowing  that  one  cubic 
centimetre  of  air  under  these  circumstances  weighs  0*001298  gram,  and  that  the  density 
of  aqueous  vapour  is  0*62,  we  find  that  one  cubic  centimetre  of  aqueous  vapour  at  0'^  and 
760  mm.  weighs  0000b  gram,  and  at  a  temperature  t°  and  pressure  h  the  weight  of  one 

cubic  centimetre  will  be  00008  x  —  x  -    '      ,    We  already  know  that  v  volumes  of  a  gas 

760    273  +  ^  ^ 

at  a  temperature  P  pressure  h  contain  r  x  /-  volumes  of  aqueous  vapour  which  satu- 
rate it,  therefore  the  weight  of  the  aqueous  vapour  held  in  v  volumes  of  a  gas  will  be 

'^^x  00008  X  J''^  X      *^^  V, ,  or  V  X  00008  <  f   x    ^'^^-  . 
h  760      273  +  ^°  760     273  +  ^ 

Consequently,  the  weight  of  the  water  which  is  held  in  one  volume  of  a  gas  is  only 
dependent  on  the  temperature  and  not  on  the  pressure.  This  also  signifies  that  evapo- 
ration proceeds  to  an  equal  extent  in  air  as  in  a  vacuum,  or,  in  general  terms  (this  is 
Dalton'a  law)^  vapours  and  gases  diffuse  into  each  other  as  if  into  a  vacuum.  In  a  given 
space  there  enters,  at  a  given  temperature,  a  constant  quantity  of  vapour  whatever  be 
the  pressure  of  the  gas  filling  that  space.     If  the  degree  of  moisture  equals  r  then  the 

fr        278 
weight  of  the  vapour  in  v  cubic  Centimetres  will  be  » « i?  x  00008  x  •'—  x  -  grams. 

^  *  ^760    278  +  ^* 

From  this  it  is  clear  that  if  the  weight  of  the  vapour  held  in  a  given  volume  of  a  gas 

be  known,  it  is  easy  to  determine  the  degree  of  moisture  r=-     /»niw»w '^  ~*~"'^  ~«vft»^» 

On  this  is  founded  the  very  exivct  determination  of  the  degree  of  moisture  of  air  by  the 

weight  of  water  contained  in  a  given  volume.     It  is  easy  to  calculate  from  the  preceding 

formula  the  immber  of  grams  of  water  contained  at  all  pressures  in  one  cubic  metre  or 

million  centimetres  of  air  saturated  with  vajwur  at  various  temi^eratures ;  for  example, 

8ir>         273 
at  80^  /=  81-5,  therefore  p  =  1000000  x  00008  x  ^^^^  >«  ^^  or  2984  grams. 

The  laws  of  Mariotte,  Dalton,  and  Gay-Lussac,  which  are  here  applied  to  gases  and 
vapours,  are  not  entirely  exact,  but  are  approximately  true.  Were  they  quite  exact,  a  mix- 
ture of  several  liquids,  having  a  certain  vajwur  pressure,  would  be  able  to  give  vapours 
of  a  very  great  pressure,  which  is  not  tlie  case.  In  fact  the  pressure  of  aqueous  vapour 
is  slightly  less  in  a  gas  than  in  a  vacuum,  and  the  weight  of  aqueous  vapour  held  in  a 
gas  is  slightly  less  tlian  it  should  be  according  to  Dalton's  law,  as  was  shown  by  the  ex- 
periments of  Regnault  and  others.  This  means  that  the  tension  of  the  vapour  is  less 
in  air  than  in  a  vacuum,  which  also  is  the  reason  why  the  weight  of  vapour  is  less  than 
the  tlieoretical  weight.  The  difference  between  tlie  pressure  of  vaiK)ur8  in  air  and  in  a 
vacuum  does  not,  however,  exceed  rx^^  of  the  total  pressure  of  the  vapours,  and  therefore 
in  practice  the  ai)plication  of  Dalton's  law  may  be  followed.  This  decrement  in  vapour 
tension  which  occurs  in  the  intermixture  of  va^xjurs  and  gases,  although  small,  indicates 
that  there  is  then  alrea<ly,  so  to  speak,  a  beginning  of  chemical  change.  The  essence  of 
the  matter  is  that  in  this  case  there  occurs  as  on  contact  (see  })receding  footnote)  an 
alteration  in  the  movements  of  the  atoms  in  the  molecules,  and  therefore  also  a  change 
in  the  movement  of  the  molecules  themselves.  \ 

In  the  uniform  intermixture  of  air  and  other  gases  with  aqueous  vaix)ur,  and  in  the 
capacity  of  water  to  pasH  into  vapour  and  form  a  uniform  mixture  with  air,  we  may 
jMjrceive  an  instance  of  a  physical  phenomenon  which  is  analogous  to  chemical  phe- 
nomena, forming  indeed  a  transition  from  one  class  of  phenomena  to  the  other.  Between 
water  and  dry  air  there  exists  a  kind  of  affinity  which  obliges  the  water  to  saturate  the 
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solid  state  water  appears  as  snow,  ice,   or  in  an  intermediate  form 

between  these  two,  which  is  seen  on  mountains  covered  with  perpetual 

snow.     The  water  of  rivei*s,'^  springs,  oceans  and  seas,  lakes,  and  wells 

air.  But  such  a  honK^eneoas  mixture  is  formed  (almost)  independently  of  tlie  nature  of 
the  gas  in  which  evaporation  takes  place ;  even  in  a  vacuum  the  phenomenon  occurs  in 
exactly  the  same  way  as  in  a  gas,  and  therefore  it  is  not  the  property  of  the  gas,  nor  its 
relation  to  water,  but  the  property  of  the  water  itself,  which  obliges  it  to  evaporate,  and 
therefore  in  this  case  chemical  affinity  is  not  yet  acting — at  least  its  action  is  not  clearly 
pronounced.  That  it  does,  however,  play  a  certain  part  is  seen  from  the  deviation  from 
Dalton's  law. 

'  In  falling  through  the  atmosphere,  water  dissolves  the  gases  of  the  atmosphere, 
nitric  acid,  ammonia,  organic  compounds,  salts  of  sodium,  magnesium,  and  calcium,  and 
mechanically  washes  out  a  mixture  of  dust  and  microbes  which  are  suspended  in  the 
atmosphere.  The  amount  of  these  and  certain  other  constituents  is  verj'  variable.  Even 
in  the  beginning  and  end  of  the  same  rainfall,  a  variation  which  is  often  very  considerable 
may  be  remarked.  Thus,  for  example,  Bunsen  found  that  rain  collected  at  the  begin- 
ning of  a  shower  contained  3*7  grams  of  ammonia  i>er  cubic  metre,  whilst  that  collected 
at  the  end  of  the  same  shower  contained  only  0*64  gram.  The  water  of  the  entire 
shower  contained  an  average  of  1*47  grams  of  ammonia  per  cubic  metre.  In  the  course 
of  a  year  rain  supplies  an  acre  of  ground  with  up  to  5^  kilos  of  nitrogen  in  a  combined 
form.  Marchand  found  in  one  cubic  metre  of  snow  water  15*08,  and  in  one  cubic  metre 
of  rain  water  10*07,  grams  of  sodium  sulphate.  Angus  Smith  showed  that  after  a  thirty- 
hours*  fall  at  Manchester  the  rain  still  contained  34*3  grams  of  salts  per  cubic  metre.  A 
considerable  amount  of  organic  matter,  namely  25  grams  x>er  cubic  metre,  has  been  found 
in  rain  water.  The  total  amount  of  solid  matter  in  rain  water  reaches  50  grams  per 
cubic  metre.  Rain  water  contains  generally  very  little  carbonic  acid,  whilst  stream 
water  contains  a  considerable  quantity  of  it.  In  considering  the  nourishment  of 
plants,  it  is  necessary  to  keep  in  view  the  substances  which  are  carried  into  the  soil 
by  rain. 

Btver  water,  which  is  accumulated  from  springs  and  sources  fed  by  atmospheric 
water,  contains  from  50  to  1,600  parts  by  weight  of  salts  in  1,000,000  parts.  The  amount 
of  solid  matter,  per  1,000,000  parts  by  weight,  contained  in  the  chief  rivers  is  as 
follows : — the  Don  124,  the  Loire  135,  the  St.  Lawrence  170,  the  Rhone  182,  the  Dnieper 
lb7,  the  Danube  from  117  to  234,  the  Rhine  from  158  to  317,  the  Seine  from  190  to  432, 
the  Thames  at  London  from  400  to  450,  in  its  upper  parts  387,  and  in  its  lower  parts  up  to 
1,617,  the  Nile  1,580,  the  Jordan  1,052.  The  Neva  is  characterised  by  the  remarkably 
small  amount  of  solid  matter  it  contains.  From  the  investigations  of  Prof.  G.  K.  Trapp, 
a  cubic  metre  of  Neva  water  contains  32  grams  of  incombustible  and  23  grams  of 
organic  matter,  or  altogether  about  55  grams.  This  is  one  of  the  purest  waters  which  is 
known  in  rivers.  The  large  amount  of  impurities  in  river  water,  and  e«|>ecially  of  organic 
imparity  produced  by  pollution  with  putrid  matter,  makes  the  water  of  many  rivers  unfit 
for  nse. 

The  chief  part  of  the  soluble  substances  in  river  water  consists  of  the  calcium  salts. 
100  parts  of  the  solid  residues  contain  the  following  amounts  of  calcium  carbonate — 
from  the  water  of  the  Loire  53,  from  the  Thames  about  50,  the  Ell>e  55,  the  Vistula  65, 
the  Danube  05,  the  Rhine  from  55  to  75,  the  Seine  75,  the  Rhone  from  82  to  94.  The 
Neva  contains  40  parts  of  calcium  carbonate  per  100  parts  of  saline  mutter.  The  con- 
siderable amount  of  calcium  carbonate  held  by  stream  water  is  verj'  easily  exi)lained  from 
the  fact  that  water  which  contains  carbonic  acid  in  >^lution  easily  dissolves  calcium 
carbonate,  which  occurs  all  over  the  earth.  Besides  calcium  carbonate  and  sulphate, 
river  water  contains  magnesium,  silica,  chlorine,  so<lium,iK)tassium,  aluminiiuu,  nitric  ticid, 
and  manganese.  The  presence  of  salts  of  phosphoric  acid  has  not  yet  been  deterniinetl 
with  exactitude  for  all  rivers,  but  the  presence  of  nitrates  has  been  proved  with  certainty 
in  almost  all  kinds  of  well-investigated  river  water.  The  quantity  of  calcium  phosphate 
does  not  exceed  0*4  gram  in  the  river  of  the  Dnieper,  and  the  Don  does  not  contain  more 
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contains  various  substances  in  solution,  mostly  salts  -that  is,  sub- 
stances resembling  common  table  salt  in  their  physical  properties  and 

than  5  grams.  The  water  of  the  Seine  contains  about  15  grams  of  nitrates,  and  the  Hhone 
about  8  grams.  The  amount  of  ammonia  is  much  less  ;  tlius  in  the  water  of  the  Rhine 
about  0'5  gram  in  June,  and  0*2  gram  in  October ;  the  water  of  the  Seine  contains  the 
same  amount.  This  is  less  than  in  rain  water.  Notwithstanding  this  insignificant 
quantity,  the  water  of  the  Rhine  alone,  which  is  not  so  very  large  a  river,  carries  16,245 
kilograms  of  ammonia  into  the  ocean  every  day.  The  difference  between  the  amount  of 
ammonia  in  rain  and  river  water  depends  on  the  fact  that  the  soil  through  which  the 
rain  water  passes  is  able  to  withhold  the  ammonia.  (Soil  can  also  absorb  many  other 
substances,  such  as  phosphoric  tvcid,  potassium  salts,  S:c.) 

The  water  of  springs,  rivers,  wells,  and  in  general  of  those  localities  from  which  it  is 
taken  for  drinking  purposes,  may  be  very  injurious  to  the  health  if  it  contains  much 
organic  pollution — all  the  more,  as  in  such  water  the  lower  organisms  (bacteria)  may 
rapidly  develop,  and  these  organisms  often  serve  as  the  carriers  or  causes  of  infectious 
diseases.  Thanks  to  the  work  of  Pasteur,  Koch,  and  many  others,  this  pro\'ince  of  research 
has  made  considerable  progress  during  the  past  ten  years,  and  has  shown  the  possi- 
bility of  investigating  even  the  number  and  properties  of  the  germs  held  by  water, 
because  those  pathogenic  bacteria  which  produce  sickness,  sucli  as  typhoid  fever,  Siberian 
plague,  &c.,  have  been  distinguished.  In  bacteriological  researches,  a  gelatinous 
^ledium,  enabling  the  germs  to  develop  and  multiply,  is  prepared  with  gelatin  and  water, 
which  has  previously  been  heated  several  times,  at  intervals,  to  100"^  (it  is  thus  rendered 
sterile — that  is  to  say,  all  the  germs  in  it  are  killed).  The  water  to  be  investigated 
is  added  to  this  prepared  medium  in  a  definite  and  small  quantity  (it  is  sometimes 
diluted  with  sterilised  water  to  facilitate  the  calculation  of  the  number  of  germs),  it  is 
protected  from  dust  (which  contains  germs),  and  is  left  at  rest  until  whole  families  of 
lower  organisms  are  developed  from  eiich  germ.  These  families  (colonies)  are  visible  to 
the  naked  eye  (as  spots),  they  may  be  counted,  and  by  examining  them  under  the 
microscope  and  observing  the  number  of  organisms  they  produce,  their  significance  may 
be  determined.  The  majority  of  bacteria  are  harmless,  but  there  decidedly  are  patho- 
genic bacteria  whose  presence  is  one  of  the  causes  of  malady,  and  of  the  spreading  of 
certain  diseases.  The  number  of  bacteria  in  one  cubic  centimetre  of  water  sometimes 
attains  the  immense  figures  of  hundreds  of  thousands  and  millions.  Certain  well,  spring, 
and  river  waters  contain  very  few  bacteria,  and  are  free  from  disease-producing  bacteria 
under  ordinary  circumstances.  By  boiling  water,  the  bacteria  in  it  are  killed,  but  the 
organic  matter  necessary  for  their  nourishment  remains  in  the  water.  The  best  kinds 
of  water  for  drinking  purposes  do  not  contain  more  than  300  bacteria  in  a  cubic 
centimetre. 

The  presence  in  water  of  ever>*  residue  of  destroyed  organisms  may  be  partly  judged 
from  the  amount  of  combined  nitrogen,  as  all  organisms  contain  nitrogen  compounds. 
It  is  most  essential  to  distinguish  and  detennine  nitrogen  in  the  form  of  organic  matter, 
and  in  the  form  of  oxides  (nitric  acid).  The  fonuer  is  not  scj>arated,  on  heating,  from 
water  by  the  action  of  reducing  agents,  such  as  sulphurous  anyhdride,  whilst  the 
nitrogen  which  occurs  as  oxide  is  evolved  by  this  means.  Thus  on  jidding  hydrochloric 
acid  and  ferrous  chloride  to  water,  the  nitrogen  of  the  nitric  acid  gives  oxide  of  nitrogen, 
which  may  be  determined.  The  presence  of  nitric  acid  indicates  that  the  organic 
matter  in  water  has  alreatly  been  oxidised.  "Water  which  contains  more  than  1  part 
of  nitrogen  (in  this  form)  in  a  million  parts  is  considered  as  injurious,  and  should  not 
be  used.  FrankUind  found  about  I'rt  i)arts  of  nitrogen  in  an  oxidised  form,  and  from 
0'22  to  Of)  part  in  organic  combinations  in  the  water  of  the  Thames  at  London. 

The  amount  of  gases  dissolved  in  river  water  is  much  more  constant  than  that  of  its 
solid  constituents.  One  litre,  or  1,000  c.c,  of  water  contains  40  to  55  c.c.  of  gas 
measured  at  normal  temperature  and  pressure.  In  winter  the  amount  of  gas  is  greater 
than  in  sunnner  or  autumn.  Allowing  that  a  litre  contains  50  c.c.  of  gases,  it  may  be 
tulmitted  that  these  consist,  on  the  average,  of  20  vols,  of  nitrogen,  20  vols,  of  carbonic 
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chief  chemical  traasformations.  Further,  the  quantity  and  nature  of 
these  salts  differ  in  different  waters.^      Everybody  knows  that  there 

anhydride  (proceedini;  in  all  likelihood  from  the  soil  and  not  from  the  atmonphere),  and 
of  10  vols,  of  oxygen.  If  the  total  amount  of  gases  be  less,  the  constituent  gases  are 
still  in  about  the  same  proi)ortion ;  in  many  cases,  however,  carbonic  anhydride  pre- 
dominates. The  water  of  many  deep  and  rapid  rivers  contains  less  carbonic  anhydride, 
which  shows  their  rapid  formation  from  atmospheric  water  and  that  they  have  not 
succeeded,  during  a  long  and  slow  course,  in  absorbing  a  greater  quantity  of  carbonic 
anhydride.  Thus,  for  instance,  the  water  of  the  Rhine,  near  Strasburg,  according  to 
Deville,  contains  8  c.c.  of  carbonic  anhydride,  16  c.c.  of  nitrogen,  and  7  c.c.  of  oxygen  per 
litre.  From  the  researches  of  Prof.  M.  R.  Kai>ou8tin  and  his  jiupils,  it  appears  that  in 
determining  the  quality  of  a  water  for  drinking  purposes,  it  is  most  important  to  investi- 
gate the  composition  of  the  dissolved  gases. 

*  Spring  water  is  formed  from  rain  water  percolating  through  the  soil.  Naturally  a 
part  of  the  rain  water  is  evaporated  straightway  from  the  surface  of  the  earth  and  from 
the  vegetation  on  it.  It  has  been  shown  that  out  of  100  parts  of  water  falling  on  the 
earth  only  86  parts  flow  to  the  ocean ;  the  remaining  (>4  are  evai>orated,  or  percolate 
far  underground.  The  collection  of  water  by  means  of  ponds,  common  wells,  or  artesian 
wells  is  dependent  on  the  presence  of  subterranean  water.  After  flowing  underground 
along  some  imi)erviou8  strata,  water  comes  out  at  the  surface  in  many  places  as  springs, 
whose  temperature  is  determined  by  the  depth  from  which  the  water  has  flowed. 
Springs  penetrating  to  a  great  depth  may  become  considerably  heated,  and  this  is  why 
hot  mineral  springs,  with  a  temperature  of  up  to  80^  and  higher,  are  often  met  with.  For 
instance,  there  is  one  Caucasian  spring  whose  temperature  is  1)0'.  Most  likely  in  this 
case  the  water  is  heated  owing  to  its  penetrating  near  a  rock  formation  which  is  heated 
by  volcanic  action.  The  coniix)sition  of  spring  water  is  most  varied.  When  a  sjiring 
water  contains  substances  which  endow  it  with  a  i>eculiar  taste,  and  especially  if  these 
substances  are  such  as  are  only  found  in  minute  quantities  or  not  at  all  in  river  and 
other  flowing  waters,  then  the  spring  water  is  tenned  a  mineral  water.  Many  such 
waters  are  employtnl  for  medicinal  purjwses.  Mineral  waters  are  classed  according  to 
their  composition  into — («)  saline  waters,  which  often  contain  a  large  amount  of  common 
salt ;  ih)  alkaline  waters,  which  contain  sodium  carbonate  {  ic)  bitter  waters,  which 
contain  magnesia ;  (</;  chalybeate  waters,  which  hold  iron  carbonate  in  solution ;  (<*) 
aerated  waters,  which  are  rich  in  carbonic  anhydride;  (/")  8uli)huretted  waters,  which 
contain  hydrogen  sulphide.  Suli)liuretted  waters  may  be  recognised  by  their  smell  of 
rotten  eggs,  and  by  their  giving  a  black  precipitate  with  lead  salts,  and  also  by  their  tar- 
nishing silver  objects.  Aerated  waters,  which  contain  an  excess  of  carbonic  anhydride, 
effer\e«ce  in  the  air,  have  a  sharp  taste,  and  redden  litmus  paper.  Saline  water«  leave  a 
Urge  residue  of  soluble  solid  matter  on  evaporation,  and  have  a  salt  taste.     Chalybeate 
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are  salt,  fresh,  iron,  and  other  waters.  The  presence  of  about  3i  per 
cent,  of  salts  renders  sea- water  *  heavy  and  bitter  to  the  taste.  Fresh 
water  also  contains  salts,  only  in  a  comparatively  small  quantity. 
Their  presence  may  be  easily  proved  by  simply  evaporating  water  in  a 
vessel.  By  evaporation  the  water  passes  away  as  vapour,  whilst  the 
salts  are  left  behind.  This  is  why  a  crust  (incrustation),  consisting  of 
salts,  previously  in  solution,  is  deposited  on  the  insides  of  kettles  or 
boilers,  and  other  \essel8  in  which  water  is  boiled.  Running  water 
(rivers,  tfec.)  is  charged  with  salts,  owing  to  its  being  formed  from  the 
collection  of  rain  water  percolating  through  the  soil.  While  percolating 
the  water  dissolves  certain  parts  of  the  soil.  Thus  water  which  filters 
or  passes  through  saline  or  calcareous  soils  becomes  charged  with  salts 
or  contains  calcium  carbonate  (chalk).  Rain  water  and  snow  are  much 
purer  than  river  or  spring  water.  This  is  because  snow  and  rain  are 
only  condensed  aqueous  vapour,  and  salts  do  not  pass  into  the  vapour. 

waterB  have  an  inky  taste,  and  are  coloured  black  by  an  infusion  of  galls ;  on  being 
exposed  to  the  air  they  usually  give  a  brown  precipitate.  Generally,  the  character  of 
mineral  waters  is  mixed.  In  the  table  on  page  45  are  given  the  analysis  of  certain 
mineral  springs  which  are  known  for  their  medicinal  properties.  The  quantity  of  the 
substances  is  expressed  in  million ths  by  weight — that  is,  in  grams  per  cub.  metre  or 
milligrams  per  litre. 

I.  Sergieffsky,  a  sulphur  water,  Gov.  of  Samara  (temp.  8°  C),  analysis  by  Clause. 
II.  Gek'znovodskya  water  source  No.  10,  near  Patigorsk,  Caucasus  (temp.  22*5°),  analysis 
by  FritzBche.  III.  Aleksandroffsky,  alkaline-sulphur  source,  Patigorsk  (temp.  46'5°),  average 
of  analyses  by  Herman  Zinin  and  Fritzsche.  IV.  Bougountouksky,  alkaline  source, 
No.  17,  Essentoukah,  Caucasus  (temp.  21'6^),  analysis  by  Fritzsche.  V.  Saline  water, 
Staro-Russi,  Gov.  of  Novgorod,  analysis  by  Nelubin.  VI.  Water  from  artesian  well  at 
the  factory  of  state  papers,  St.  Petersburg,  analysis  by  Struve.  VII.  Spriidel,  Carlsbad 
(temp.  83*7°),  analysis  by  Berzelius.  VIII.  Kriitznach  spring  (Elisenquelle),  Prussia 
(temp.  8*8°),  analysis  by  Bauer.  IX.  Eau  de  Seltz,  Nassau,  analysis  by  Henry.  X.  Vichy 
water,  France,  analysis  by  Berthier  and  Puvy.  XI.  Paramo  de  Ruiz,  New  Granada, 
analysis  by  Levy ;  it  is  distinguished  by  the  amount  of  free  acids. 

*  Sea-water  contains  more  non-volatile  saline  constituents  than  the  usual  kinds  of 
fresh  water.  This  is  explained  by  the  fjvct  that  the  waters  flowing  into  the  sea  supply 
it  with  salts,  and  whilst  a  large  quantity  of  vapour  is  given  off  from  the  surface  of  the 
sea,  the  salts  remain  behind.  Even  the  specific  gravity  of  sea-water  differs  con- 
siderably  from  that  of  pure  water.  It  is  generally  about  1*02,  but  in  this  and  also  in 
respect  to  the  amount  of  salts  contained,  samples  of  sea-water  from  different  localities 
and  from  different  depths  offer  rather  remarkable  variations.  It  will  be  sufficient  to 
point  out  that  one  cubic  metre  of  water  from  the  undermentioned  localities  contains  the 
following  quantity  in  grams  of  solid  constituents: — Gulf  of  Venice  19,122,  Leghorn 
Harbour  24,H12,  Mediterranean,  near  Cetta,  87,65r),  the  Atlantic  Ocean  from  82,585  to 
85,(«)r>,  the  Pacific  Ocean  from  85,288  to  84,708.  In  closed  seas  which  do  not  communi- 
cate, or  are  in  very  distant  communication,  with  the  ocean,  the  difference  is  often  still 
greater.  Thus  the  Caspian  Sea  contains  6,300  grams;  the  Black  Sea  and  Baltic  17,700, 
Common  s*ilt  forms  the  chief  constituent  of  the  saline  matter  of  sea-  or  ocean-water ;  thus 
in  one  cubic  metre  of  sea-water  there  are  25,000-81,000  grams  of  common  salt,  2,600- 
6,000  grams  of  magnesium  chloride,'l,200-7,000  grams  of  magnesium  sulphate,  1,500-6,000 
grams  of  calcium  sulphat<',  and  10-700  grams  of  potassium  chloride.  The  small  amount 
of  organic  matter  and  of  the  salts  of  phosphoric  acid  in  sea-water  is  very  remarkable. 
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Nevertheless,  in  passing  throagfa  the  atmosphere,  rain  and  snow  succeed 
in  catching  the  dost  held  in  it,  and  dissolve  air,  which  is  found  in  every 
water.  The  dissolved  gases  of  the  atmosphere  are  p».-irtly  disengaged, 
as  babbles  from  water  on  heating,  and  water  after  long  boiling  is  quite 
freed  from  them. 

In  general  terms  water  is  called  pure  when  it  is  clear  and  free  from 
insoluble  particles  held  in  suspension  and  \-isible  to  the  nake«l  eye,  from 
which  it  may  be  freed  by  filtration  thn>ugh  charcoal,  sand,  or  porous 
(natural  or  artificial)  stones,  and  when  it  possesses  a  clean  fresh  taste. 
It  depends  on  the  absence  of  any  tastable,  decomposing  organic  matter, 
on  the  quantity  of  air*  and  atmospheric  gases  in  solution,  and  on  the 
presence  of  mineral  substances  to  the  amount  of  about  300  grams  per 
ton  (or  cubic  metre,  or,  what  i<  the  same.  300  milligrams  to  a  kilo- 
gram or  litre  of  water),  and  of  not  more  than  100  grams  of  organic 
matter.*      Such  water  is   suitable  for  drinking  and   every  practical 

*  The  taste  of  water  i*  greatly  dependent  on  the  quantity  of  dissolved  gases  it  con- 
tainsL  On  boiling,  these  gabies  are  given  off.  and  it  is  well  known  that,  even  when  cooled, 
boiled  water  has.  until  it  ha«  socceeded  in  absorbing  ga^^oas  sahstances  from  the  atmo- 
^here.  quite  a  different  taste  from  fresh  water  containing  a  considerable  amonnt  of  gas. 
The  dissolved  gases,  especially  oxygen  and  carbonic  anhydride,  have  an  importajit 
influence  on  the  health.  The  following  instance  is  very  in-^lructive  in  this  resptx-t.  The 
Grenelle  artesian  well  at  Pari-i,  at  the  first  period  of  it>  f»pening.  <npplitrd  a  water  which 
bad  an  injurious  effect  on  animals  and  people.  It  appeared  that  this  water  did  not 
contain  oxygen,  and  in  general  was  very  poor  in  gases.  A>  soon  as  it  was  made  to  fall  in 
a  caacade.  by  which  it  absorbed  air,  it  proved  entirely  fit  for  ttmsuaiplion.  In  long  sea 
voyage*  by  steamer  sometime^  fre*h  water  is  not  taken  or  only  taken  in  a  small  quantity 
because  it  spoils  by  keeping,  and  becomes  putrid  from  the  organic  matter  it  contains  under- 
going decomposition.  Fresh  water  may  be  obtained  directly  from  ?*a-wrtter  by  distilla- 
tion. The  distilled  water  no  longer  contain^  sea  salts,  and  is  therefore  fit  for  consump- 
tion, but  it  i«  very  taateless  and  has  the  prt^perties  of  l>oiled  water.  In  onler  to  render  it 
palatable  certain  salts,  which  are  usually  held  in  fresh  water,  art  added  to  it.  and  it  is 
made  to  flow  in  thin  streams  exposed  to  the  air  in  order  that  it  may  tieci>me  saturated 
with  the  component  parts  of  the  atmosphere — that  is,  absorb  gases. 

*  Hard  tcatrr  is  such  as  contains  much  mineral  matter,  and  especially  a  large  pro- 
portion of  calcium  salta.  Such  water.  o«-ing  to  the  amount  of  lime  it  contains,  does  not 
form  a  lather  with  soap,  prevent*  vegetable-^  l>oiled  in  it  from  softening  i>rv>[]<erly.  and 
forms  a  great  deal  of  incrustation  on  vessels  in  which  it  is  boiled.  Owing  to  its  high 
de|!T«e  of  hardnesa,  it  is  injuriou*  for  drinking  purposes,  which  is  evident  from  the  fact 
that  in  many  large  cities  the  death-rate  decreased  after  introducing  a  M^ft  water  in  the 
l^ace  of  a  hard  water.  Putrid  urater  contain^  h  considerable  quantity  of  de<x^mposing 
organic  matter,  chiefly  vegetable,  but  in  populated  districts,  especially  in  towns,  chiefly 
animal  remains.  Such  water  acquires  an  unpleasant  »mell  and  taste,  by  wliich  stagnant 
bog  water  and  the  water  of  certain  wells  in  inhabited  distri::ts  are  particularly  charac- 
terised. Such  water  is  especially  harmful  at  a  period  of  epidemic.  It  may  be  f^rtially 
purified  by  paKsing  through  charcoal,  which  retains  the  putrid  and  certain  organic  sub- 
ftancefk  and  also  certain  mineral  substances.  Turbid  water  may  he  puritir^l  to  a  t^rtain 
extent  by  the  addition  of  alum,  which  aids,  after  standing  some  time,  the  formation  of  a 
sediment.  Condy's  fluid  <  potassium  penutinganate  is  another  means  for  purifying 
putrid  water.  A  solution  of  this  substance,  even  if  very  dilnted.  is  of  a  red  colour ;  on 
adding  it  to  a  putrid  water,  the  permanganate  oxidises  and  destroys  the  organic  matter. 
When  added  to  water  in  such  a  quantity  as  to  impart  to  it  an  almost  imperceptible  rose 
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application,  but  e\ulently  it  is  not  [jure  in  a  chemical  sense,  A 
ehrtnit^alh/  pure  waterr  is  neces.sary  not  only  for  scientific  purposes^  as 
an  independent  substance  having  constant  and  definite  properties  and 
as  the  chief  ocunpinent  of  all  forms  of  water  wliidi  play  such  an  impjor- 
tant  part  in  nature,  but  also  for  ninny  practical  purposes — for  instance^ 
in  photography  and  in  the  preparation  of  medicines — because  many 
properties  of  substances  in  solution  are  changed  by  the  impurities  of 
naturfd  waters.  Water  is  usually  purified  by  distillation,  becam^e  the 
solid  substances  in  solution  are  not  transformed  into  vapours  in  this 
process^  Such  tiuttiiled  water  is  pi-epared  by  chemists  and  in  lal>ora- 
tories  hy  boiling'  water  in  closed  metallic  boilers  or  stills,  and  causing 
the  steam  protluced  to  pass  into  a  condenser— that  is,  tlirough  tubea 
(which  should  be  made  of  tin,  or,  at  all  events,  tinned,  as  water  and  its 
impurities  do  not  act  on  tin)  surrounded  by  cold  water,  and  in  which 
the  steanij  being  cooled,  condenses  intu  water  wliich  is  collected'  in  a 

colour  it  deatroyii  iiiiit-h  of  tlie  organic  eul>H!aticeH  it  cotiiaiiiK.  It  ii!<>  eH|)eL'iuJly  lUilutAry 
to  ndul  a  femiill  quiuitity  of  Condy'K  i\nu^  to  impure  water  in  tiiiioH  of  epid»*iiiic\ 

Tilt"  i>reseiiee  in  wrtteur  of  one  ^mn  i*r  litre,  or  l,OtKl  }frumH  p«r  cubic  metre,  of  iiny 
mibKianci*  wliatiim?v«?r  rendJern  it  nnfit  tLud  ev«'n  injurious  for  fOHMiiinptLoii  by  unm^alHt 
Mid  this  whethf*r  or>jHnic  or  niinefiil  tUHtter  isreduunniitt*.  The  preiience  of  1  px\  of 
diloridcH  innkeH  water  ifuite  itialt^  lunl  prixlueeH  thir;*!  iiistetid  of  a^iiutvjj^ing  it.  The 
prt^iieiicc  of  majii^iieHium  ^dtri  ih  moHt  unpleasant ;  ttiey  have  a  di»a>n'eea1>to  bitter  tftfite^ 
Hiid  in  tiMit  impart  to  sea  water  it^  peculiar  ttifite.  A  large  tkmount  of  nitrattos  \s  only 
foiuul  iu  impure  water,  auil  is  usually  iujurious^  ae  Utey  uiAy  iiidicjittf  the  prt*Miiice  of 
dtJcompuiiinK  organic  nuitter, 

'  DiHlilled  Knttr   uitiy  1n'  pivimred,  or  dibtillntion  ih  general  curri*scl  on,  either  in  a 


Vw,  l-lJifefiiiation  li>  uwiiui^tif  a  ttietitUic  sitlli*  Tin?  ilquJil  iu  0  U  hmt«<1  by  the  flrc  F-  Tlw 
mpotiri  Tiw!  tlirouKli  the  head  A  and  po**  by  tlie  tuba  T  to  the  wnrm  S  placoi  in  a  Ycascl  H, 
tluougU  wlidch  %  current  of  ctild  vi'At«r  flows  f>y  meant  of  th^  talK*  D  and  V. 
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iver.  By  standing  exjiosed  to  the  atniosphere,  however,  the  water 
m  time  absorbs  air,  and  dust  carried  in  the  air,  and  ceases  to  hie  en- 
tirely pure.  However,  the  mitiount  «>f  impiinti*^s  In  distilled  water  is 
so  &mall  that  they  have   har<lly  any  effect  «m   the  properties  of  the 

,  water,  and  it  is  tit  for  many  purposes.     Nevertheless,  in  diiitillation, 

'  water  retains,  besides  air,  a  certain  c|tiantity  of  volatile  impurities 
(esjiecially  organic)  and  the  walls  of  the  distillation  apparntus  are 
partly  corroded  by  the  water,  and  a  portion,  although  small,  of  their 

|. substance  renders  the  water  not  entirely  pure^  thus  a  sediment  is  ob- 

I  tainetl  on  evapnration.'^ 

Still,  for  certain  physical  and  rhemical  researches  it  is  necessary  tn 
have  completely  pure  water.     To  obtain    it  a    solution  of  pt^tassiuin 

[.permanganate  is  added  to  distilled  water  until  It  all  becumes  tinted 
li*^ht  rose  colour.      By  this  means  the  organic  matter  in  tlie  water  is 

[destroyed  (converted  into  gases  or  non-volatile  substances).     An  excess 


meUl  Btill  with  worm  t'ondt?iii*or  (fig.  i),  or  on  ti  ftoi^wll  wide  in  the  labonitory  in  a  glass 
rvtort  {^)*>  5)  tRnited  by  a  lump  Uee  for^tnote  IV^  Introduction).  Fig.  jj  illustrates 
tlitf  main  ptiLrtd  of  the  Uffoal  (i^his^  liiboratory  iijipiii'iLtus  ui^ed  for  distillation.     The  <if«am 


I  f"JW,  .*■      "'  •''   ''uH  frrtCii4*fU«  retorf..    The  ueik   of    tbe  reUrt  fits  ltit«  lUc  iiiiwr  tulx»  of  tb« 
I.I  i-^T,    Tlwf  siJiocbt'twotii  tijciiinprani  outer  tub*  of  tbe  aimleuacr  b  llUeil  with 

cii  ii'li  eut«rr»  l»y  the  tube  tj  unJ  tlow«  out  <it  /. 


ibunx  the  retort  (on  the  right-hand  auIl')  pivHMn  tUmnj^b  u  glasH  tab«  snrrotiuded 
*■  tube,  thjongh  wliich  a  «tre4m  of  cold  water  passes,  by  which  the  uLeam  m 
I  und  trickle!!*  into  4  receiver  (on  the  left-haud  side), 
•  One  of  Lttvoiaicr'ft  firnt  memoirs  (1770)  referred  to  thin  qticitition.  He  investi^'uted 
\  the  fon»«itiou  of  the  eirthy  residues  in  the  di»tiliation  of  water  in  order  to  pro%'e  whether 
.  it  wm^  pOMsible,  as  woj*  afflmied,  to  convert  water  into  earth,  ivnd  he  found  Ibat  the 
\  tvotidQie  wo*  iiTodaced  by  the  uetion  of  water  on  the  walls  of  the  vesitel  holding  it^  and 
I  not  from  the  w«ter  itself.    He  proved  this  to  be  the  c&ae  by  direct  weighing. 

%'OI*.    I.  E 
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of  potassium  permanganate  does  no  harm,  because  in  the  next  distilla- 
tion it  is  left  behind  in  the  distillation  apparatus.  The  next  distilla- 
tion should  then  be  from  a  platinum  retort  with  a  platinum  receiver. 
Platinum  is  a  metal  which  is  not  in  any  way  changed  either  by  air  or 
water,  and  therefore  nothing  passes  from  it  into  the  water.  The  water 
obtained  in  the  receiver  still  contains  air.  It  must  then  be  boiled  for 
a  long  time,  and  afterwards  cooled  in  a  vacuum  under  the  receiver 
of  an  air  pump.  Pure  water  on  evaporation  does  not  give  any  sedi- 
ment, does  not  in  the  least  change,  however  long  it  be  kept,  and  if  air 
have  no  access  to  it  does  not  putrefy  like  water  only  once  distilled  or 
impure  ;  and  it  does  not  give  bubbles  of  gas  on  heating,  nor  does  it 
change  the  colour  of  a  solution  of  potassium  permanganate.  These 
are  a  few  signs  by  which  the  complete  purity  of  water  may  be  recog- 
nised. 

Water,  purified  as  above  described,  has  constant  physical  and 
cJiemtcal  properties.  For  instance,  it  is  of  such  water  only  that  one 
cubic  centimetre  weighs  one  gram  at  4°  C. — i.e.,  it  is  only  such  pure 
water  whose  specific  gravity  equals  1  at  4°  C.^  Water  in  a  solid  state 
forms  crystals  of  the  hexagonal  system'^  which  are  seen  in  snow,  which 

®  Taking  the  generally-accepted  specific  gravity  of  water  at  its  greatest  density — i.e. 
at  4°  asl — it  has  been  shown  by  experiment  that  the  specific  gravity  of  water  at  different 
temperatures  is  as  follows  : — 

At 


V 

.   009929 
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30^ 
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0° 

.   0-99987 

jj 

40^ 
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10° 

.   0-99974 
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0-9991($ 
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80^ 
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20° 

.   0-99820 

„ 

100° 

0-95854 

Water  at  4°  is  taken  as  the  basis  for  reducing  measures  of  length  to  measures  of 
weight  and  volume.  The  metric,  decimal,  system  of  measures  of  weights  and  volumes  is 
generally  employed  in  science.  The  starting  point  of  this  system  is  the  metre  (39-87 
inches)  divided  into  decimetres  ("0-1  metre),  centimetres  (  =  0*01  metrek^fli^limetres 
( M  O'OOl  metre),  and  micrometres  (  =  one  millionth  of  a  metre).  A  cubi<f  Tm^bnetre  is 
called  a  litre,  and  is  used  for  the  measurement  of  volumes.  The  weight  or  a  litre  of 
water  at  4°  in  a  vacuum  is  called  a  kilogram.  One  thousandth  part  of  a  kilogram,  or  one 
cubic  centimetre,  of  water  weighs  one  grain.  It  is  divided  into  decigrams,  centigrams^ 
and  milligrams  (  =  0-001  gram).  An  EngHsh  pound  equals  453*59  grams.  Tlie  great 
advantage  of  this  system  is  that  it  is  a  decimal  one,  and  that  it  is  universally  adopted  in 
science  and  in  most  international  relations.  All  the  vieasures  cited  in  this  work  are 
metrical.  The  units  most  often  used  m  science  are : — Of  length,  the  centimetre ;  of 
weight,  the  gram ;  of  time,  the  second  ;  of  temperature,  the  degree  Celsius  or  CentigtvMfa> 

^®  As  solid  substances  appear  in  independent,  regular,  crystalline  forms  which  we 
dependent,  judging  from  their  cleavage  or  lamination  (in  virtue  of  which  mica  breaks 
np  into  laminae  and  Iceland  spar,  &c.,  into  pieces  bounded  by  faces  inclined  to  each  other 
at  angles  which  are  definite  for  each  substance),  on  an  inequality  of  attraction  (cohesion 
hardness)  in  different  ^directions  which  intersect  at  definite  angles  ;  therefore,  the 
determination  of  crystalline  forms  offers  one  of  the  most  important  external  marks 
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generally  consists  of  star-like  clusters  of  seveml  crystals,  and  also  in 
the  half-melted  scattered  ice   floating  on  rivers  in  spring  time.     At 

characteriBing  geparaie,  definite  chemical  compounds.     Tlie  elements  of  crystallography 
which  comprise  a  special  science,  should  therefore  be  familiar  to  all  who  desire  to  work 


Fig.  6. — Example  of  the  form  belonging  to  the 
refoilar  system.  Combination  of  an  octatieilron 
mod  a  cube.  The  former  pre<lominates.  Alum, 
floor  spar,  suboxide  of  copper,  and  others. 


Fig.  7.— Rliombic  Dodeofthe<lron  of  the  regular 
gj-gt^m.    Ganiet. 


•  I 

I 


Fig.  H.— Hexagonal  pri*m  termlnate<l  by  hexagonal 
pyramid?.    Quartz.  &c. 


Fig.  9.— Rhomlx>l»e<lron.  Cnlc  8i«ar,  &c. 


Fiu.  10. — Rhombic  system. 
Desmiue. 


Fig.  11.— TricUnic  pyramid 


Fro.  12.— TricUnic  svstem. 
Albite,  d:c. 


in  scientific  chemistry.    In  this  work  we  shall  only  have  occasion  to  speak  of  a  few 
crystalline  forms,  some  of  which  are  shown  in  Figs.  6  to  12. 

E    a 
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tfm  time  uf  the  year  the  ice  splits  up  intti  spars  or  prisms,  bouiideti  by 
angles  pruper  to  sul^stances  crystallising  in  the  hexagonal  system.  The 
temperatures  at  which  water  pasi^es  from  fme  state  to  another  are 
taken  as  iixed  points  on  the  thermometer  scale  ;  namely,  the  zero 
corresponds  with  the  temperatui^  oi  meltinpf  ice,  and  the  teinperatui-e 
of  the  steam  disengaged  from  water  boiling  at  the  normal  l>arometer 
pressure  (that  is  7G0  millimetres  measured  at  0"",  at  tlie  latitude  of  45"^^ 
at  the  sea  level)  is  taken  as  100^  of  the  Celsius  scale.  Thus,  the  fact 
tiiat  water  liqueties  at  0°  and  boils  at  100^  is  t^iken  as  one  of  its 
pn  i|:ierties  as  a  definite  chemical  compound »  The  weight  of  one  cubic 
metre  of  water  at  4^  is  1,000  kilos,  at  0°  it  is  01>9*8  kilos.  The  weight 
(>f  a  cubic  metre  of  ice  at  0^  is  less — namely,  917  kilos  ;  the  weight  of  a 
cubic  meti*e  of  water  vapour  at  760  mm*  pressure  and  100^  is  only  0-60 
kilos  ;  the  density  of  the  vaptmr  compai-ed  with  air  =  062,  and  com- 
pared with  hydrogen  ==  9. 

These  data  brieUjr  enumerate  the  physical  properties  of  water  as  a 
separate  substance.  As  a  siippleii^eut  to  this  it  uiay  he  added  that  water 
is  a  uiohile  litiuid,  colourless,  tmnsparent,  without  taste  or  smell,  *fcc. 
It  is  unnecessary  to  dwell  on  these  properties  here,  as  wat^r  is  familiar 
to  all ;  other  properties  will  also  be  pointed  out  indescriVdng  les,s  known 
substances.  Its  latent  heat  of  vaporisation  is  534  uints,  of  liquefac- 
tion 79  units  of  hent>^'     The  large  amount  of  lieat  stored  up  in  water 


I 


'*  Of  i\]\  known  ljf|t!iitUt  water  cxfuUitH  tbe  ^reiiU^Ht  cvhfHtnjt  uf  pkxrtteleH.     Indued,  it  , 
ii.scendi»  to  a  preatev  height  in  cupilkry  tubes  tlian  ntlier  liqnidB;  for  in^tftntt?,  two  and  « 
hiiU  tiniew  Hs  high  »«  ulcoho]!,  nearly  tlire*  timen  as  hij^h  «h  ether,  and  to  a  much  greater 
liei^dit  than  oil  of  vitriol,  *Vt\      In  a  tube  of  two  millimetres  dltuneter,  water  at  (F  aftcendft  i 
ISa  luillirnetreR,  cfmnting  from  tlie  level  of  tlie  liquid  to  two- thirds  of  the  beight  of  the 
nienitK-us,  and  at  KH)^  it  riaeij  li'tt  milliitietreR,     The  cohenion  varicH  vt*ry  nnifonnly  with 
the  teniper«ture ;  thus  at  50^  the  height  of  thecnpillary  column  equals  ly'fl  nnllinietrt'i* — 
tlmt  ist  the  nwiin  between  the  columns  at  iP  juid  100'^.     This  uniformity  in  not  deBlroy»»d 
tn-eij  on  approaching  the  freezing  point,  itnd  given  reason  to  think  that  at  hitfli  tempera* 
tureur  cohesion  will  vary  as  uniformly  as  at  ordinuni'  tempernturesi:  that  in,  the  difference 
between  th^i  columns  at  0"  and  KM)'  being  2'8  niilH metre i<(,  the  height  of  the  column  tvt  J 
hOif  should  be  152—  fn  *;  28)  =  1*2  millimetreH.    C'onftt*tjuently,  at  tbetee  high  befnperatnres  1 
the  cohettion  between  the  partieles  of  wiiter  would  be  almost  niL     Only  certain  Rcdtitions 
(Biil  ammoniac  and  lithium  chlondet,  and  theiie  only  with  h  great  exceeH  ot  water,  riKC 
higher  than  pure  water  in    capillary    tubei*.      The  great  cohesion  of  water  douhtltJM  j 
determineh  many  of  both  itti  physical  and  chemical  properties, 

Tlie-  quantity  of  lieiit  recpiined  to  rait^  the  tem[»eratare  of  one  part  by  weight  of  ] 
water  from  t*^  to  1^,  i.e.,  by  1*^  C,  is   called  the  unit  of  ht-at  or  <'jUorie;  the  »pevi/i(f] 
heat  of  liquid   water  at  0^  is  taken  a«  equal  to  unity.     The  variiition  of  thin  specific  ' 
heat  with   a   rise   in   tem[>eTttture  is  inconftiderabli^  in    comparison  with   tbe  \tu'iatiim 
exhibited  by  the  npecific  beatn  of  other  liquids.     According  tc»  Ettinger,  tlie  Rpecific  heat 
of  water  at  t\f^  =l'01(i,  at50'^  =  1'08U,  and  at  100^  =  1075.     The  Hpecilir  heat  nf  water  ifi 
greater  tlmn  that  of  all  other  known  liquids;  for  example,  the  Hpecitic  heat  of  alrohol  at 
(!-'  is  0'5l75^i.f.,  the  quantity  of  beat  %vhich  raiKes  55  partn  of  Wftter  1°  raiftefi  ItW  parts  \ 
of  alcohol  1^*    The  tqiecific  lieat  of  oil   of  tiirtientine  at  0     is  (141tHtj  of  ether  USaw,  of  j 
Acetio  »cid  0' 5*274,  of  mercury  t)'083.     Thifi  meaiifi  thut  water  is  the  bp«t  condenser  of^l 
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▼ftpour  aud  also  in  liquid  water  (for  its  specific  hetit  is  greater  than 
that  of  other  liquids)  renders  it  available  in  both  forms  for  heating 

*l»iorb4$r  of  heat.  This  property  of  water  ha^  au  important  sigiitficAuoe  in  practice  and 
in  nattire.  Water  irup*Mli*H  rapid  cooling  or  hentiug ;  it  temp^^rH  (^Dld  BJid  heat.  The 
^pecifie  heai«  of  ice  aikd  lit^tieotiH  vapour  are  mucli  Ichs  ihau  tliat  of  water  ;  namely 
tliai  of  ice  i»  0'5UI,  atid  of  uteatn  0*4H. 

With  an  increaM?  in  pret^stire  erfual  to  one  atiuo«pUere,  the  eompreftsiliility  of  water  i» 
0*m*0047,  of  mereary  U()tMJCH)a52,  of  ether  IHHH>12  at  tP,  of  alcr>h<»l  at  IH-  0'(M«XHJ&,  Tht' 
addition  of  various  HubiitanceB  to  water  genernlly  KimuliiuioouMly  dettrt^as^ft  iti«  com- 
pre^wcubility  and  cohesion.  The  coniprestiibility  of  other  HquitLn  increaHeH  with  a  fine  of 
tefEi|>erature,  but  for  water  it  deereaiseit  op  to  ^iP  and  then  inereaseii  likiB  other  liqnidF«« 

The  e-j^pafUKOH  of  water  by  heat  (Note  9)  a) fui  exhibits  many  peciiiiiLritieH  which  are 
not  found  in  other  hqaidH.  The  expautiion  of  water  at  Xovt  teniperatur^H  i^  very  itmall 
coinpared  with  other  hquidit ;  at  4^  it  reaches  even  0,  and  ut  llK>-  it  i^  equal  to  Ik'OOUH  \ 
below  4P  it  is  negative --t.c.^  water  on  cooling  then  expandn,  and  doea  not  decrease  in 
rtdtune.  In  passing  into  a  solid  staie^  the  specific  j^ravity  of  wiiter  decreasea  ;  at  0-  one 
r.c.  of  waitff  weight*  OUUDHkh  gram,  and  one  c.c»  of  ice  at  the  same  temperature  weights  ordy 
0*9175  ipram*  The  ict*  formed,  however,  contractn  on  cooling  like  the  majority  of  other 
•fUbsi^^tanceH.  Thus  100  volumes  of  ice  are  produced  from  1V2  voiomeH  uf  water— -Ibat  is, 
wate'i'  expands  eom^idct'iibly  on  freezing,  which  fttct  determines  a  uumher  of  nAtural 
pbenonieiiii.  The  freezing  point  of  water  fall^  with  an  increa««e  in  prettHure  ffJOOT'  |ter 
fttniOCpliare I,  because  in  freezing  water  expanda  (Thomson),  whikt  with  aubHtance«4  which 
oontribct  in  Holidifyin^^  the  meltinj^  point  rise^  with  an  increase  in  fireHuare ;  thuH^  for 
laAnif&n  it  \*  lit  one  Atmosphere  4fi'  and  at  ItH)  atjnonpht'feH  m  , 

Wlien  liquid  water  pa^&ei  into  vapour,  the  co1iie«if>n  of  itHpai-titjleK  must  be  destroyed, 
a»  Uifl  particles  are  removed  to  BUch  a  diHtmice  from  eHch  svtiier  tlnit  their  Tnutual 
attraction  no  longer  exhibit*  any  influence.  A«  tlie  cobebion  of  nqueoua  imrticlet*  varie*  at 
diff«*rvtit  temji*'rature&,  the  quantity  of  heat  which  \h  ejrponded  in  overcoming  thift 
eobe^cm— or  the  httrnt  h^ai  of  evaporation — for  this  reatsoM  alone  will  W  different  at 
diflfervnt  tf?mj.>eraturefi.  The  quantity  of  heat  which  i^  consumed  in  the  traiinfonnation 
of  unv  pttxt  by  weight  of  water,  at  different  temperatures^  into  va})our  wai»  determined  by 
Bcgjmult  with  ^reat  accuracy.  Hisi  resiearchen  showed  that  one  part  by  weight  of  water 
Uklw«  at  0'\  tn  pae«!ing  iut^i  vapoiuf  havni^  a  temperature  t',  con^ume^  00^*5  +  0'H05/  units 
of  heat,  at  50^  f*21*7,  at  ItKl-  037  tJ,  at  154>  tKi'i'i,  and  at  5*(K) '  mV7'5.  But  thiw 
qa*ntityincltide«  also  the  (|muitity  of  heat  required  for  heating  the  water  fr<im  D^  to  i-  — 
ije*,  I)««ide4  the  latent  heat  of  evaporation,  als<:»  that  Iteat  which  \»  used  in  lieatin^  the  water 
in  •  liquid  M,tat«  to  a  temperature  t- .  On  deducting  thiu  amount  of  beat,  we  obtain  the 
lalent  of  evaporation  of  water  as  rtlMJ'S  at  0\  571  at  50^  ^4  at  100  ;4''*i  at  150->  and  only 
iSV  mt  W^V^j  which  nhowii  that  the  conver§ion  of  water  at  different  temperatures  into 
mpour  at  a  constant  temjjerature  requires  very  different  quantities  of  heat.  Thii*  is 
diieflT  dependent  on  the  difference  of  tlie  cohefii<in  of  water  at  different  temperatures  ; 
the  cobeBion  ia  (j^reater  at  low  than  at  high  temperature  a,  and  therefore  at  low  tern- 
|ier»ttireB  a  gTt*ater  quantity  of  heat  is  reqnin,Hl  to  overcome  the  coheHion.  On  comparing 
llurve  qanntitieR  of  heat,  it  will  be  obsen'ed  that  tbey  decrease  rather  uniformly^ 
iMMoely  their  difference  between  H  alid  lt>tr  in  73,  and  between  lUO  ^  and  *it>tl^  i^  Hi  tinitf* 
<jf  heat.  From  Una  we  may  conclude  that  Huh  variation  will  be  approximately  the  !*ame 
for  high  tem[)eratureH  alno,  and  tlwrefore  that  uo  heal  u<*uld  be  required  for  the  con^ 
rention  uf  water  into  vapour  at  a  temperature  of  about  400—000.  At  this  tempt*rature, 
wvJtair  panfiea  into  vaiK)UJ  whaterer  be  the  pre^^ure  (nee  chap.  11,  The  al»rtolnte  boiling 
|K>ini  of  water,  according  to  Dewar,  is  tlTO^,  the  critical  presHiue  100  utnioflphereii).  It 
mojt  here  be  remarked  that  water,  in  pivseiiting  a  grenter  c<theHiun,  requireu  a  larger 
quantity  of  heat  for  its  conversion  inU>  vapour  than  other  liquids.  Thus  alcohol  contiumefl 
aow,  ether  1*0,  turpentine  70,  units  of  heat  in  their  ronversion  into  vapour^ 

The  whole  amount  of  heat  which  in  consumed  in  the  converMioii  of  water  into  vapour 
ta  not  naed  in  «nnuoantiug  the  cobeeion — that  is,  in  internal  work  accotupUshed  in  tho 
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purposes.  The  chemical  reactions  which  water  undergoes,  and  by 
means  of  which  it  is  formed,  are  so  numerous,  and  so  closely  allied  to 

liquid.  A  part  of  this  heat  is  employed  in  moving  the  aqueous  particles ;  in  fact,  aqueous 
vapour  at  100°  occupies  a  volume  1,650  times  greater  than  that  of  water  (at  the  ordinary 
pressure),  consequently  a  portion  of  the  heat  or  work  is  employed  in  lifting  the  aqueous 
particles,  in  overcoming  pressure,  or  in  external  work,  which  may  be  usefully  employed 
and  which  is  so  employed  in  steam  engines.  In  order  to  determine  this  work  we  will 
first  separately  consider  all  the  factors  necessary  for  this  calculation,  and  we  will  then 
make  a  deduction  from  the  comparison  of  these  factors. 

The  maximum  pressure  or  tension  of  aqueous  vapour  at  different  temperatures 
has  been  determined  with  great  exactitude  by  many  observers.  The  observations  of 
Regnault  in  this  respect,  as  on  those  preceding,  deserve  special  attention  from  their 
comprehensiveness  and  accuracy.  Tlie  pressure  or  tension  of  aqueous  vapour  at  various 
temperatures  is  given  in  the  adjoining  table,  and  is  expressed  in  millimetres  of  the 
barometric  column  having  a  temperature  of  0°. 


Temperature 

Tension 

Temi)eraturc           1 

Teuaiou 

-20° 

0-9 

70°                 1 

238-8 

-10° 

21 

90° 

525-4 

0° 

40 

100° 

7600 

+  10°                  1 

91 

105° 

906-4 

15° 

12-7 

110° 

1075-4 

20=* 

17-4   ' 

115° 

1269-4 

25° 

28-5 

120° 

1491-8 

80^ 

81-5 

150° 

85810 

50°                  1 

920 

200° 

11689-0 

The  ttible  shows  the  boiling  points  of  water  at  different  pressures.  Thus  on  the 
summit  of  Mont  Blanc,  where  the  average  pressui'e  is  about  424  mm.,  water  boils  at 
84-4°.  In  a  rarefied  atmosphere  water  boils  at  even  the  ordinary  temperature,  but  in 
evaporating  it  absorbs  heat  from  the  neighbouring  parts,  and  therefore  it  becomes  cold 
and  may  even  freeze  if  the  pressure  does  not  exceed  46  mm.,  and  esjiecially  if  the  vapour 
be  rapidly  absorbed  as  it  is  formed.  Oil  of  vitriol,  which  absorbs  the  aqueous  vapour,  is 
used  for  this  purpose.  Thus  ice  may  be  obtained  artificially  at  the  ordinary  temperature 
with  the  aid  of  an  air-pump.  This  table  of  the  tension  of  aqueous  vapour  also  shows  the 
temperature  of  water  contained  in  a  closed  boiler  if  the  pressure  of  the  steam  formed  be 
known.  Thus  at  a  pressure  of  five  atmospheres  (a  pressure  of  five  times  the  ordinary 
atmospheric  pressure — t.c,  5x  760  =  8,800  mm.)  the  temperature  of  the  water  would  be 
152  ^  The  table  also  shows  the  pressure  produced  on  a  given  surface  by  steam  on  issuing 
from  a  boiler.  Thus  steam  having  a  temperature  of  152°  exerts  a  pressure  of  517  kilos,  on  a 
piston  whose  surface  equals  100  sq.  cm.,  for  the  pressure  of  one  atmosphere  on  one 
sq.  cm.  equals  1,088  kilos.,  and  steam  at  152°  has  a  pressure  of  five  atmospheres.  As 
a  column  of  mercury  1  mm.  high  exerts  a  pressure  of  1*85959  grams  on  a  surface  of 
1  sq.  cm.,  therefore  the  pressure  of  aqueous  vapour  at  0°  corresponds  with  a  pressure  of 
6-25  grams  per  square  centimetre.  The  pressures  for  all  temperatures  may  be  calculated 
in  a  similar  way,  and  it  will  be  found  that  at  100°  it  is  equal  to  1,038-28  grams.  This 
means  that  if  a  cylinder  be  taken  whose  sectional  area  equals  1  sq.  cm.,  tuid  if  water  be 
poured  into  it  and  it  be  closed  by  a  piston  weighing  1,033  grams,  then  on  heating  it  in  a 
vacuum  to  100°  no  steam  will  be  formed,  because  the  steam  cannot  overcome  the  pressure 
of  the  piston  ;  and  if  at  100°  534  units  of  heat  be  transmitted  to  each  unit  of  weight  of 
water,  then  the  whole  of  the  water  will  be  converted  into  vapour  having  the  same 
temperature ;  and  so  also  for  every  other  temperature.  The  question  now  arises.  To 
what  height  does  the  piston  rise  under  these  circumstances  ;  that  is,  in  other  words,  What 
is  the  volume  occupied  by  the  steam  under  a  known  pressure  ?     For  this  we  must  know 
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the  reactions  of  many  other  substances,  that  it  is  impossible  to  desciibe 
the  majority  of  them  at  this  early  stage  of  chemical  exposition.  After- 
wards we  shall  become  acquainted  with  many  of  them,  but  at  present 
we  shall  only  cite  certain  compounds  formed  by  water.  In  order  to 
see  clearly  the  nature  of  the  various  kinds  of  compounds  formed  by 

the  weight  of  a  cahic  centimetre  of  steam  at  various  temperatures.  It  has  been  shown  by 
experiment  that  the  density  of  steam,  which  does  not  saturate  a  space,  varies  very 
inconsiderably  at  all  possible  pressures,  and  is  nine  times  the  density  of  hydrogen  under 
similar  conditions.  Steam  which  saturates  a  space  varies  in  density  at  different  tem- 
peratures, but  this  difference  is  very  small,  and  its  average  density  with  reference  to  air  is 
0*64.  We  will  employ  this  figure  in  our  calculation,  and  will  calculate  what  volume  the 
Kteam   occupies  at    100^.      One   cubic  centimetre  of  air  at  0^    and   760  mm.  weighs 

0*001293 

0'001293  gram,  at  100°  and  under  the  same  pressure  it  will  weigh     —  or  about 

1'868 

0*000946  gram,  and  consequently  one  cubic  centimetre  of  steam  whose  density  is  0*64 
will  weigh  0*000605  gram  at  100^,  and  therefore  one  gram  of  aqueous  vapour  will 
occupy  a  volume  of  about  1,658  c.c.  Consequently,  the  piston  in  the  cylinder  of 
1  sq.  cm.  sectional  area,  and  in  which  the  water  occupied  a  height  of  1  cm.,  will  be 
raised  1,658  cm.  on  the  conversion  of  this  water  into  steam.  This  piston,  as  has  been 
mentioned,  weighs  1,088  grams,  therefore  the  external  work  of  the  steam — that  is,  that 
work  which  the  water  does  in  its  conversion  into  steam  at  100° — is  equal  to  lifting  a  piston 
weighing  1,083  grams  to  a  height  of  1,653  cm.,  or  17*07  kilogram-metres  of  work — i.e.,  is 
capable  of  lifting  17  kilograms  1  metre,  or  1  kilogram  17  metres.  One  gram  of  water 
req aires  for  its  conversion  into  steam  584  gram  units  of  heat  or  0*584  kilogram  units  of 
heat-  i.e.y  the  quantity  of  heat  absorbed  in  the  evaporation  of  one  gram  of  water  is  equal 
to  the  quantity  of  heat  which  is  capable  of  heating  1  kilogram  of  water  0*534°.  Each 
unit  of  heat,  as  has  been  shown  by  accurate  experiment,  is  capable  of  doing  424  kilogram- 
metres  of  work.  Tlierefore,  in  evaporating,  one  gram  of  water  expends  424x0*584  a 
(almost)  226  kilogram- metres  of  work.  The  external  work  was  found  to  be  only 
17  kilogram-metres,  therefore  209  kilogram- metres  are  expended  in  overcoming  the 
internal  cohesion  of  the  aqueous  particles,  and  consequently  about  92  p.c  of  the  heat  or 
work  consumed  goes  in  overcoming  the  internal  cohesion.  The  following  figures  are 
thus  calculated  approximately : — 

Temperature 

0° 

50° 

100^ 

150^ 

200^ 

Thus  it  will  be  remarked  from  this  table  that  the  work  necessary  for  overcoming  the 
internal  cohesion  of  water  in  its  passage  into  vapour  decreases  with  the  rise  in  tempera* 
tare;  this  is  in  connection  with  the  decrease  of  cohesion  with  a  rise  in  tempera- 
tare,  and,  in  fact,  the  variations  which  take  place  in  this  case  are  very  similar  to  those 
which  are  observed  in  the  heights  to  which  water  rises  in  capillary  tubes  at  different 
temperatores.  It  is  evident,  therefore,  that  the  amount  of  external — or,  as  it  is  termed, 
useful — work  which  water  can  supply  by  its  evaxK)ration  is  very  small  compared  with  the 
amount  which  it  expends  in  its  conversion  into  vapour. 

In  considering  certain  physico-mechanical  proi)erties  of  water,  I  had  in  \*iew  not  only 
their  importance  for  theory  and  practice,  but  also  their  purely  chemical  significance,  for 
it  is  evident  from  the  above  considerations  that  in  even  a  physical  change  of  state  the 
greatest  part  of  the  work  accomplished  goes  in  overcoming  cohesion,  and  that  chemical 
cohesion,  or  aflinity,  is  an  enormous  internal  energy. 


Total  work  of 

External  \> 

rork  of 

Internal 
work  of  vai»our 

evapomtiou  in 

vaiwur 

in 

Kilogram  -metres 

Kilogram-i 

Metres 

255 

18 

242 

242 

15 

227 

226 

17 

209 

209 

19 

190 

192 

20 

172 

50 
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water  we  will  beg:in  with  tUe  most  feeble^  which  are  cletei mined  by 
purely  mecbanical  superticinl  properties  of  the  reacting  substances J^ 

Water  is  mechrtiiically  attracted  by  many  sulistauces  ;  it  arlheres  to 
their  surfaces  just  as  dust  adheres  to  oKyects,  and  one  polished  ghis» 
fidheres  t< i  another.  Such  attraction  is  teinntfd  *  moistening,'  *  soaking, '  or 
'absorptirtn  of  water/  Thus  water  moistens  clean  glass  and  adheres  to 
its  surface,  is  absorbed  by  the  E>oil>  sand,  and  clay,  and  does  not  tiow 
away  from  them  but  lodges  itself  between  their  particles.  Similarly, 
water  soaks  into  a  sponge,  cloth,  hair,  or  paper,  ttc,  but  fat  and  greasy 
substances  in  general  are  not  nioislened.  AUractioii  of  tliLs  kind  does 
not  alter  the  physical  or  chemical  properties  of  water.  For  instance, 
nnder  these  circumstances  water,  as  is  known  from  everyday  experi- 
ence, may  be  expelled  from  objects  by  drying.  Water  which  is  in  any 
way  iield  mechanically  may  be  dislcxlged  by  mechanical  means,  by  fric- 
tion, pressure,  centrifugal  force,  i\:c.  Thus  water  is  squeeised  innn  wet 
cloth  by  pi-essure  or  centrifugal  machines.  But  objects  which  in  prac- 
tice are  called  dry  (because  they  do  not  wet  people*s  hands)  often  slill 
Contain  mtustuie,  as  nuiy  he  proved  by  heating  the  object  in  a  glass 
tube  closed  at  one  end.  By  placing  a  piece  of  paper,  dry  eai'tli,  or  any 
siDiilar  oliject  (especially  porous  substances)  in  such  a  glass  tube,  and 
heating  that  part  of  the  tube  where  the  object  is  situated,  it  will  l*e 
remarked  that  water  condenses  on  the  cooler  portions  of  the  tube.  The 
presence  of  such  absorbeil,  or,  as  it  is  terme<l,  ^  hygroscopic,'  water  is 
generally  best  recognised  in  non- volatile  substances  by  drying  at  100% 

^^  W>ieii  it  in  iiccensarj  tc»  heut  a  couaidenible  tnuHs  of  liquid  in  diJT(?reiit  vegseli^  tt 
would  be  very  uiiecoLionikal  to  make  line  of  metallk  ^^HHel^  and  to  con^truut  u  i^eporate 
fire  gratti  unrler  each  one ;  such  Cikoen  are  continually  met  with  in  practice.  A  coiiftideroible 
iiiaAH  of  water,  for  Instance,  may  have  to  he  heated  for  m&king  aolutionti,  or  it  mny  be 
required  to  expel  volatile  hquid;^  from  dififeiieat  vessels  al  intermittent  periods ;  ii^ti^  for 
instaucL%  aUobol  from  partially  fermented  liquore,  Arc.  In  such  caisea  one  boiler  or 
vesm?!  cojitaiuing  water  \h  made  u»e  of.  Steam  from  this  boiler  i**  introduced  into  the 
liquiil,  or,  in  general^  into  the  vetiuel  which  it  in  retjnired  to  heat.  The  i^iteam,  in  cou* 
dendnK  ftivd  paiiHiiig  inUi  a  liquid  state,  partji  with  its  latent  beat,  and  aa  tliis  in  very 
cotiHiderahle  a  tmiall  quantity  of  bte&m  will  prtKluce  a  coindderHble  heating  effect.  If  it 
be  r^quirt^dt  for  iujitjince,  to  htJAt  IjClOO  kilou,  of  water  from  20°  to  50'\  which  requires 
approximately  dO.CHJO  unitti  of  heat,  5tea.ni  heated  t>i  100^  h  parsed  into  the  water  from 
a  iioiler.  Each  kilogriuu  of  water  at  50^  contaiuK  about  50  unitB  of  heat,  and  each  kilo* 
gram  of  Kteam  at  100^  coutainH  6tl7  units  of  heat ;  tlierefore^  each  kilogrtun  of  ateam  in 
looling  to  50  gives  up  5**7  uiiita  uf  beat^  and  confieqututly  52  kilos  of  steam  are  capable 
id  accomplishing  the  required  heating  of  1,IKJ(*  kiloh.  of  water  from  20*  to  5I>^*  Water  is 
very-  ofteu  applied  for  beating  in  cbtfinical  practice.  For  this  purpose  metallic  veniMelii 
or  pans,  calle<l  *  water- bathii,'  are  made  nwe  of.  Tliey  are  clojit^d  by  a  cover  formed  of 
concentric  rings  lying  on  each  other.  The  objectu — such  ati  beak**rH,  evaporating  baHina, 
retorts^  &c. — containing  liquids  are  placed  on  thette^  ringtJT^^ud  the  water  in  the  bath  is 
heated.  The  ateam  given  of!  heats  the  Ijottom  of  the  vea^elH  to  tie  beated^  and  thiu 
accomplinhefi  the  eva[K)ratioiL  or  distillation  or  other  required  procetia.  A  water-b*yi 
may  aUo  Im*  ut^ed  for  heating  a  vessel  dirtn^tly  immersed  in  the  water. 
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or  under  the  receiver  of  an  air-pump  and  over  substances  which  attract 
water  chemicJilly.  By  weighing  a  substance  before  and  after  diying,  it 
is  easy  tci  determine  the  amount  of  hygroscopic  water  from  tlie  loss  in 
weight-*^     Chily  in  this  case  the  amoujit  of  water  must  be  judged  with 

»*  In  ordar  k»  dry  «ny  suUtaooe  mi  aboai  lOO"— Umi  ts,  at  tbe  boiling  poifil  of  water 
NfajgnMQoptc  tr4iterpflM««  off  at  tki«  tempenitiire  »~aij  appanLtu»  called  a  '  dmug-ovf^tt ' 
[it  mapkyipd.     It   conntU  of   m  double   copper  boit ;    waLer  is   ponred   into   the   ^imce 
I  ibe  iiiLexnal  and  external  boxei^  and  the  oven  i»  then  heated  over  a  stove  or  hy 
lattj  altusr  niean«,  or  ebe  cteam  from  a  boiler  i&  p«3«ed  l)t*tween  tlie  iralb  of  the  twn 
Wbcn  the  water  boil^,  the  temperature  iiiside  ilie  inner  box  will  be  approsiuiately 
^3<K^  C,     The  fiubfitance  to  be  dried  t»  pbu^  mi»Ule  tbe  oven,  and  the  door  inclosed. 
»1  hole«  ikft'  cut  in  the  door  to  allow  tbe  free  patMUi^e  of  air,  which  carries  ofi  the 
Qd  v*pnur  by  the  chimney  on  tbe  top  of  tbe  oven*     Ofl«u,  h(»wever,  desiccation  i» 
[  on  in  copper  ov«n«  b«fti«l  directly  over  a  lamp  fig.  19 1.     lu  thi^  ea^e  any  desired 


» IH— Drying  <»Tcn.  oompoietl  oi  bruwti  tvipprr.    it  i*  heAttf^  by  a  lamp*    Tbv  uUject  to  be  dried 
Hm  pbrnil  on  the  ^acue  intUle  tbe  oven.    The  thcnocitnvier  itKlicateft  tbe  temperature- 

)  may  be  oblaluad,  which  is  detemuaed  by  a  Ibermomeler  fixed  in  a  opecial 
There  ar«  aabatftooea  which  only  part  witli  tlieir  waler  at  a  mach  higher 
than  100^;  and  lh«n  such  air  hatha  are  Fery  naefnL  In  order  to  directly 
Bune  the  amount  of  w^ler  in  a  anbatance  which  doea  not  part  with  anything  except 
wtitm  «t  a  ped  heat,  the  »tibatanee  ia  placed  in  a  bulb  lube.  By  flr«i  weighing  tbe  tube 
«Blpty  and  then  with  the  «ub«^U[ioe  to  be  dried  in  iti,  the  weight  of  tbe  tobatance  taken  mey 
!>•  loiEod.  The  lube  is  then  connected  on  otue  aide  with  a  gaa-holder  full  of  air,  which,  on 
;  a  ilop-«ock,  paawit  first  through  a  flaak  coutainiug  sulphuric  acid,  and  then  into 
L  eoolaining  Imnpa  of  ptunioe  citone  motHtened  with  Aulpburic  acid.  In  paaung 
I  Ihete  Testela  the  air  ia  tboroii^ly  dried,  having  given  up  all  ita  moisture  to  the 
•alpkAfie  acid.  Thns  dry  air  will  poM  into  the  bulb  lube,  and  a«  hygroeoopic  water  ia 
fnlirily'  giren  up  from  a  «obstanoe  in  dry  air  at  eren  the  ordinary  temperature,  and  still 
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care,  because  the  loss  in  weight  may  sometimes  proceed  from  the  de- 
composition of  the  substance  itself,  with  disengagement  of  gases  or 
vapour.     In  making  exact  weighings  the  hygroscopic  capacity  of  sub- 
stances— that  is,  their  capacity  to  absorb  moisture — must  be  continually 
kept  in  view,  as  otherwise  the  weight  will  be  untrue  from  the  presence 
of  moisture.     The  quantity  of  moisture  absorbed  depends  on  the  degree 
of  moisture  of  the  atmosphere  (that  is,  on  the  tension  of  the  aqueous 
vapour  in  it)  in  which  a  substance  is  situated.     In  an  entirely  dry 
atmosphere,  or  in  a  vacuum,  the  hygroscopic  water  is  expelled,  being 
converted  into  vapour  ;  therefore,  if  we  have  the  means  of  drying  gases 
(or  a  vacuum) — that  is,  of  removing  the  aqueous  vapour  from  them — 
objects  impregnated  with  water  may  be  entirely  dried  by  placing  them 
in  such  a  desiccated  atmosphere.     The  process  is  aided  by  heat,  as  it 
increases  the  tension  of  the  aqueous  vapour.     Phosphoric  anhydride  (a 
white  powder),  liquid  sulphuric  acid,  solid  and  porous  calcium  chloride, 
or  the  white  powder  of  ignited  copper  sulphate  are  most  generally 
employed  in  drying  gases.     They  absorb  the  moisture  contained  in  air 
and  all  gases  to  a  considerable,  but  not  unlimited,  extent.     Phosphoric 
anhydride  and  calcium  chloride  deliquesce,  become  damp,  sulphuric  acid 
changes  from  an  oily  thick  liquid  into  a  more  mobile  liquid,  and  ignited 
copper  sulphate  becomes  blue ;  after  which  changes  these  substances 
partly  lose  their  capacity  of  holding  water,  and  can,  if  it  be  in  excess, 
even  give  up  their  water  to  the  atmosphere.    We  may  remark  that  the 
order  in  which  these  substances  are  placed  above  corresponds  with  the 
order  in  which  they  stand  in  respect  to  their  capacity  for  absorbing 
moisture.    Air  dried  by  calcium  chloride  still  contains  a  certain  amount 
of  moisture,  which  it  can  give  up  to  sulphuric  acid.     The  most  com- 
plete desiccation  takes  place  with  phosphoric  anhydride.      Water  is  also 
removed  from  many  substances  by  placing  them  in  a  basin  over  a  vessel 
containing  a  substance   absorbing   water  under   a  glass  bell.^^     The 
bell,  like  the  receiver  of  an  air  pump,  should  be  hermetically  closed. 

more  rapidly  on  heating,  the  moisture  given  up  by  the  Kubstance  in  the  tube  will  be 
carried  off  by  the  air  passing  through  it.  This  damp  air  then  passes  through  a  U-shaped 
tube  full  of  pieces  of  pumice  stone  moistened  with  sulphuric  acid,  which  absorbs  all  the 
moisture  given  off  from  the  substance  in  the  bulb  tube.  Thus  all  the  water  expelled 
from  the  substance  will  collect  in  the  U  tube,  and  so,  if  this  be  weighed  before  and  after, 
the  difference  will  show  the  quantity  of  water  expelled  from  the  substance.  If  only  water 
(tind  not  any  gases)  come  over,  the  increase  of  the  weight  of  the  U  tube  will  be  equal  lo 
the  decrease  in  the  weight  of  the  bulb  tube. 

1*  Instead  of  under  a  glass  bell,  drying  over  sulphuric  acid  is  often  carried  on  in  a 
desiccator  composed  of  a  wide-mouthed  low  glass  vessel,  closed  by  a  well-fitting  ground- 
glass  stopper.  Sulphuric  acid  is  poured  over  the  bottom  of  the  desiccator,  and  the 
substance  to  be  dried  is  placed  on  a  glass  stand  above  the  acid.  A  lateral  glass  tube  with 
a  Btop-cock  is  often  fused  into  the  desiccator  in  order  to  connect  it  with  an  air  pump,  and 
so  allow  drying  under  a  diminished  pressure,  when  the  moisture  evaporates  more  rapidly. 
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In  this  case  desiccation  takes  place ;  because  siilphiiric  aci<i  for  instance, 
first  dries  the  air  in  the  beO  by  aberjrinng  its  motstnre,  the  substance 
to  be  dried  then  parts  with  its  moisture  to  the  dry  air,  from  vhich  it  is 
again  absorbed  bv  the  sulphuric  acid,  Ac.  Deciccatioo  proceeds  stiD 
better  under  the  rcceirer  oi  an  air  pomp,  for  then  the  aqueous  raponr 
is  formed  more  qnicklj  than  in  a  beU  fall  of  air. 

From  what  has  been  said  above,  it  is  erident  that  the  transference 
Kji  nMnstnre  to  gases  and  the  al»orptiofi  of  hTgrosoofMc  moisture  present 
great  resemblance  xa.  bvt  still  are  not.  chemical  combinati<jns  with 
water.  Water,  when  couibtned  as  hTgrosocipic  water,  doe^  not  lose 
its  properties  and  does>  not  form  new  substances.'^ 

The  attraction  of  water  for  substances  which  dissolve  in  it  is  of  a 
difierent  chaiacter.  In  the  soluticai  of  sc^j^tancses  in  water  there  pro- 
creeds  a  peculimr  kind  of  indefinite  combinatiaD  ;  there  is  ftunnffd  a  new 
homogenecms  substance  from  the  two  sub^tanoe^  t&kexL  But  here  also 
the  bond  ocmnectiiig  the  substances  is  rerr  unstable.  Water  o^Aitain- 
ing  different  substances  in  solution  boil^  at  a  temperature  near  to  its 
usual  boOing  pcozit.  and  acquires  ppojierties  which  are  cioselv  allied  to 
the  properties  of  water  it<«elf  and  of  the  substances  di&^.*]ved  in  it. 
Thus,  from  the  soluti<.(n  *.€  substance^  which  are  li^iter  than  water 
itsell  there  are  obtained  iM:»lntiQCiS  of  a  les^  densitr  than  water — aiu  for 
example,  in  the  sc*lution  of  alcohol  in  water  :  whilst  a  hea^-ier  sub- 
stance in  dissoHring  in  water  grres  it  a  hi^ier  spedd&c  gravity.  Thui^ 
salt  water  is  heavier  than  fresh.  '^ 

We  will  consider  aqu^artis  m^lutioits  souiewhjit  full  v.  Ijeeause.  among 
other  reasons,  solutions  are  c^mstantlT  being  formed  un  the  eairtii  and 
in  the  waters  of  the  earth,  in  pla^t<^  and  in  animals,  in  chemieai  prac- 
tice and  in  the  artK  and  these  holutions  plav  an  important  part  in 
the  chemical  transformations  which  are  e^  er>-wliere  taking  j»l»oe,  nut 
only  because  water  is  e\  eiywhere  met  with,  but  chiefly  because  a  sub- 
stance in  i9«»lution  prescoits  the  most  proj^iitioub  conditiun^  fo*  tiie  }>rooe6b 
iA  chemical  changes,  which  require  a  mobility  uf  part«  and  aL  mtimaie 

*^  CbajnTT.  hfnrtnrer. detennmeo  timl  iu  werui^:  3  gnm.  of  ciiareMi]  ^xii.  t^uver  7  nuito 
<A.  beat  «re  eTt»}-4  ed.  and  on  }Kn2rixi|:  tairtKiu  bmiupnidt:  crv«;T  1  ^xvkxn  uf  ciian.-uu.  n*-  mucli 
•»  S4  azut*  of  i»e«i£  «»  «rro}v«-d.  Alpmnit.  i  praiu  .  wit/^v.  niuit»veii«d  witi.  wai^r.  «*\olv«* 
2|  cmlorie^  ThM^  mdiccw^  tlisl  ev«D  in  n«|«ect  tC'  ^voiatioi]  tif  b«tti  ujoi^a^fuuit:  aireadT 
|tfg'MJiitfe  a  tnuittiuau  Umard*-  exoiiiemuL]  etnubuxaliuut-  'tiioMr  fvui'  m^  i»*ru:  n.  tueir 
intxnatiau..  HiEf  Mihxtioiife. 

'*  Strong:  aoetit  acid  tCM/j^  .  viiiMit  K}«ecitii  p^vity  a:  1.'  it  VK^'  d**^-  u«.*t  bectiiw: 
lijE^tcT  an  the  additJuii  of  waKs-  -k  l^riiler  mibsiauiA:.  «|-.  gT.  =  (**WH  .  but  i»«ruv<«ff.  tK>  tlial 
a  urtliitiaii  of  <4'  |«uTW  uf  ac<tftii  acid  aud  :fi'  jiaru-  uf  aaVer  liat>  a  vpeir:li«.  ^ttw  itv  of  l'l*74. 
asd  fv«B  a  Mjlmifii.  <if  Mjnui  pari^  irf  a<»ftic  acid  auc  aal^r  oi*  ]-.<..  \\»*-  tx  •>]•  >:*  uf  I'Utjv. 
which  !*•  Ktil]  creuler  thaii  that  of  ac^lu  acKi  itself.  Tiuh  i»h(i«i>  th*  iu::i.  (i»';:r»f»  of  cou- 
tnMtMm  which  takv*'  ph^ct  oii  wo'muoi..  Ii  iact.  to<.iiutiom!^ — and.  ii.  ^*'\kKtv>^..  iitiuidn^-uii 
mnrng  vith  waiter.  dcKTbaM:  iii  voiuziM:;. 
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contact.  In  dissolving,  a  solid  substfince  acquires  a  mobility  of  parts, 
ajul  n  gas  loses  its  elasticity,  and  therefore  reactions  often  take  place 
in  solutions  winch  do  not  proceed  in  the  undissolved  substances.  Fur- 
ther, a  substance,  distributed  in  water,  evidently  breaks  up  (or  *disin- 
tegiutes  *) — that  is,  becomes  more  like  a  gas  and  acquires  a  greater 
mobility  of  parts.     All  these  considerations  lequire  that  in  descnbing 


Fju*  14.  MetlkbHi  of  trnnaleiTitisf  »  (Cftf*  liitn  »  t?ytmAeT  fUlwl  with  iiiiTciirv  nmJ  w  ln^^e  i^pvu  rml  U  Im- 
iiierM>4l  iitKliT  thr^  tucroury  Id  a  liatii  liarinj^  lufj  |k,'la»!^  fit^ti*.  Tlie  upi»HmtiiA  ountalulufr  tho  iniA  U 
reprLi«*iitoil  mi  thi»  Hfihi.  h*  uj»j)i'r  extn»mity  U  funiishcli  willi  ii  tube  exti'iiilfiiK  uiitU-r  tb© 
ojMinlur.  Tb*^  lower  jjiirt  of  the  re*M}\  vnmnmnU-atAfu  wltfi  a  vertit  j»J  tulw.  If  mcivur>  be  (ouit«I 
Into  tUirt  lulM*.  tlw  ivrrtwotv  of  the  jm«  In  tht-  nEM>nratUii  U  iHercft!«««l,  an'l  it  padi^ea  tlmniijh  tlK*  lett*- 
tiindnctlTik*  tulM?  into  tlkt-  e.vlimler,  where  it  di>ipliiced  the  uiuronrv,  and  can  lie  meii.^uriL'Hl  or  ^tibjii^teU 
Co  tlu'  notion  of  flibifiirblii)^  ni^rentA,  nacli  ain  vt^nUT. 


the  properties  of  substances,  particular  attention  should  be  paid  to  their 
relation  to  water  as  a  solvent. 

Everylj^^Kly  knows  that  water  dissolves  many  substances.  Salt, 
sugar,  alcohol,  and  a  nuralier  of  other  substances,  by  dissolving  in  water 
form  with  it  homogeneous  Hquids.  To  clearly  show  the  solubility 
of  gases  in  water  a  gas  shouhl  be  taken  which  has  a  high  eo- efficient 
of  sohiliihty — for  instatice,  ammonia.  This  is  intn^diiced  intf*  a  Ixdl 
(or  cybnder,  as  in  iig.  14),  which  is  pi^eviously  tilled  with  mercury 
and  stands  in  a  mercury  Imth.  If  w^ater  be  then  introduced  into  the 
cylinder,  the  mercury  will  rise,  owning  to  the  water  dissolving  the 
ammonia  gas.     If  the  column  of  mercury  l>e  less  than  the  barometric 
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culuiun,  aijtl  if  there  be  sufficient  water  tci  dLssolve  tlie  ga-s,  al]  tlie 
Amtii4inm  wiJl  \ye  HbsoH>ed  hy  the  water.  The  water  is  introduced  into 
the  cylinder  by  a  glus^>  pipett^:^,  with  a  bent  end.  Its  bent  end  is  put 
intu  water,  luid  the  air  is  sucked  out  from  tlie  upper  end.  When  full 
of  water,  its  upper  end  h  closed  with  the  finger»  and  the  bent  end  placeil 
in  the  inereury  Imth  under  the  orilice  of  the  cylinder.  The  water  will 
then  l*e  foi'ced  from  the  pipette  by  the  atmospheric  pressure,  and  will 
rise  to  the  surface  of  the  mercury  in  the  cylinder  owing  to  its  lightness. 
The  solubility  of  a  gas  like  annn^inia  niay  be  ileniMnstrated  by  taking  a 
dask  full  i>f  the  gas,  and  clo&€*d  by  a  cork  with  a  tube  passing  through 
it.  On  placing  the  tul^e  under  water,  the  water  will  rise  int^i  the  flask 
(this  mtiy  l>e  accelerated  Ijy  heating  the  Hask),  and  begin  to  jday  like  a 
foimtaln  inside  it.  Both  the  rising  of  the  mercury  and  the  fountfiin 
clearly  show  the  considerable  affinity  of  water  for  ammonia  gas,  and  the 
force  acting  in  this  dissolution  is  rendered  evident.  For  both  the  homo- 
geneous intermixture  of  gases  (diffusion)  and  the  process  of  solution  a 
certain  period  of  time  is  required,  which  depends,  not  only  on  the  sur- 
filjce  of  the  partit'ipating  substances,  but  fdsu  on  their  nature.  This  is 
teen  from  experiment.  Prepare<i  solutions  of  different  substances 
heavier  than  water,  such  as  salt  or  sugar,  are  poured  into  tall  jars. 
Pure  water  is  tlien  most  carefully  jaoured  into  these  jars  {through  a 
fuiui^l)  on  to  the  top  of  the  solutions,  so  as  not  to  disturb  the  lower 
Stmtuin,  and  the  jars  are  tlien  left  undisturlied.  The  line  of  demai'ca- 
lion  between  the  solution  antl  the  pure  water  wiJl  he  visible,  owing  to 
tiieir  different  co-efficient*5  of  refraction.  Notwithstanding  that  the 
solutions  taken  are  heavier  than  water,  after  some  time  complete  inter- 
mixture will  ensue*  Gay-Lussjic  convinced  himself  of  this  fact  by 
this  particular  experiment,  which  he  conducted  in  the  cellars  under  the 
Paris  Asti*onomical  Observatory.  The^*e  cellars  are  well  known  as  the 
locality  where  numenms  interesting  lesea^rches  have  been  conducted, 
because,  owing  tt*  thf»ir  depth  under  ground,  they  have  a  uniform  tem- 
perature during  the  whole  year  ;  the  temperatui'e  does  not  change 
daring  the  day,  ami  this  was  indispensable  for  the  experiments  on  the 
diffusion  of  solutions,  in  order  that  no  doubt  in  their  results  should 
arise  from  a  daily  change  of  temj:>emture  (the  experiment  lasted  several 
months),  which  would  set  up  currents  in  the  liquids  and  intermix  their 
strata.  Notwithstanding  the  uniformity  of  the  tempemture,  the  sub- 
stance in  solution  in  time  ascended  into  the  water  and  distributefl  itself 
unifonoly  through  it,  proving  that  there  exists  between  water  and  a 
imbetance  dissolved  in  it  a  particular  kind  of  attraction  or  striving  for 
mutual  interpenetration  in  oppjosition  to  the  force  of  gravity.  Further, 
this  effort,  or  rate  of  diffusion,  is  different  for  salt  or  sugar  or  for 
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vannu.s  other  substances.  Consequently,  in  solution  there  acta  a 
peculiar  force,  as  in  actual  chemical  ctimliinntiuns,  and  solution  is  de- 
terniinetl  by  a  peculiar  kind  of  movement  (by  the  eiiemieal  energy  of  a 
substance)  which  is  proper  tf>  the  suljstance  dissolved  aufl  to  the  sol- 
vent. 

Graham  made  a  series  of  experinnmts  similar  to  those  above 
described,  and  he  showed  that  the  ratt^  of  dibits ion^'  in  water  is  very 
variable — that  is,  a  uniform  distribution  (under  perfect  rest,  and  with 
Huch  an  ari^ogement  of  the  strata  of  the  solutions  tluit  uniformity 
takes  place  in  opposition  ti>  griivity)  of  a  substince  in  the  wat^iT  dis- 
solving it  is  attained  in  different  periods  of  time  with  different  solutions, 
Graham  compared  diffusive  capacity  with  volatility.  There  are  sub- 
stances which  diffuse  easily,  and  there  are  othei's  which  diffuse  with 
dithculty,  just  as  there  are  more  or  less  volatile  substances*  Seven 
hundred  cubic  centimetres  of  water  was  poured  into  a  jar,  and  by  means 
of  a  syphun  (or  a  pipette)  100  cub.  centimetres  of  a  solution  containing  10 
grams  of  a  substance  was  cautiously  poured  in  so  as  to  occupy  the  lower 
portion  of  the  jar.  After  the  lapse  of  seiei'al  days,  successive  layers  of 
50  cubic  centimetres  were  taken  from  the  top  downwards,  and  the  (quan- 
tity of  sul>stance  dissolved  in  the  dif!erent  layers  determined,  Thus^ 
common  table  salt,  after  fourteen  days,  '^nxe  the  following  amounts  (in 
millit^rams)  in  the  respective  layei-s,  beginning  from  the  top  :  104,  120, 
126,  198,  267,  340,  420,  53.^>,  654,  766,  881,  991,  1,090,  1,187,  and  2,266 
in  the  remainder  ;  whilst  albumin  in  the  same  time  gave,  in  the  tirst 
seven  layers,  a  very  small  amount,  and  beginning  from  the  eighth  layer, 
10,  15,  47,  113,  343,  855,  1,892,  and  in  the  remainder  6,725  milli- 
grams. Thus,  the  diffusive  power  oi  a  sohitioti  depends  on  time  and 
on  the  nature  of  the  siil>stance  dissolved,  wliicli  fact  may  serve,  not  only 
for  the  explanation  of  the  process  of  solution,  but  also  in  distinguishing 
one  substance  frtun  another.  Graham  showed  that  substances  which 
rapidly  diffuse  through  liquids  are  able  to  rapidly  piss  through  mem- 
branes and  crystallise,  whilst  substances  which  diffuse  slowly  and  do  not 
crystallise  are  co//oirf^,  that  is,  resemble  glue,  and  penetrate   through 

l?"  The  roseiircliea  of  Groliiuiit  Fickt  NeniMtjaa*!  otbisrs  fthnwerl  tlitit  tine  quanlUy  of  a 
diatiolvt'd  Hiilmttiiico  wliic^h  in  tranftmitted  (riHeH)  from  one  Ktr4itu.m  of  li((iiid  u>  ivnoUier  in 
u,  vertical  cylindrical  vi^snel  in  not  only  prnportioiial  to  the  tim*»  and  to  tli»?  ^iectioUtt]  lureii 
of  the  cyli ruler*  but  iiIko  to  the  Ainouiit  antl  imtiirtf  of  the  stilistuiice  tlismtlvcd  in  a  fttrfttum 
of  liqaKi,  *i  tliAt  each  tmbHtauee  biiM  iU  coireHiiomlini^  coefflt-ient  of  illffn^inti.  The  eauae 
of  tilt*  diflui^ion  of  iolutioiiR  inuHl  b*  conmdered  as  eHHentiidly  tlie  hiuik-  ns  tlie  cause  of 
the  tliffiirtion  of  ^luies — that  in,  ah  dejxeiident  on  inoverneutH  wliieli  «\r<«  proper  to  tU<*ir 
molecukH ;  but  ht^re  most  prrdjubly  thos^e  porely  dieToieal.  iillJjouj,4i  f**f*lily-develo|jed, 
fnrcMiti,  whkii  incline  the  unhatanceH  dissolved  to  the  formation  of  definite  compoonds, 
also  play  their  part. 
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^tL   membrane   slowly,  and   form    jellies  ;    that  is,  ncciir  in   insoluble 
forms.**' 

*■  The  ntte  of  dilTtisioii — liketlie  rate  of  traii&itiiAsion — throniih  membranes,  or  dialysis 
I  (which  pbiyfi  Mv  \vt\\>utUtx\i  part  in  the  vital  proctsHKes  of  organl^iuK  rtiid  ivUo  in  tecliuicikl 
[l»nrk]l,  pn»ef)t«,  at'cording  to  tUt+ reBenrtihcK  of  GraliARi,  a  Hlmrply-deittnetl  clumge  in 
f,p«iM»tJig  from  HOch  cry*i»dU»«Lble  substftuces  *i»  tli«  niftjority  of  Bi\lt«  j*iid  acid?*  to  sub- 
|tUnc««  which  are  caimbl**  of  givinjjj  jellivs  {gum,  golatin,  it'c.l.  The  fonuer  diffuse  into 
I  iuIuttoYiB  wid  pfts^  through  inembraiieb  much  nmre  rapidly  than  the  laltiir,  and  Ci raham 
Ihefiffore  difstiiiguiftheH  L>elween  cryittaUuidHj  which  diffuse  rapidly,  and  coJloida,  which 
If  diffuse  «Iowly.  On  breaking  fiolid  eolloid»  into  piecei^^  a  toliil  abntMiee  of  clearaf^  ih 
[  ivmarkcd,  The  fracture  of  tiueh  ^ubBtancefi  i!»  like  that  of  ghie  or  ghiKh.  It  in  tinned  a 
ehoidal '  fmtture,  Ahnost  nil  the  i«ub)»tiiiiceA  of  which  aniuiiil  and  veg*ftable  bodies 
[  ecm^iAt  are  coUoidii,  aud  tbi»i  i%  at  all  events,  partly  th«^  rea^sn  why  animals  lutd  plantit 
I  have  Mtach  varied  fc^nnNi,  which  have  no  resemblance  to  the  cr)'»talUne  forms  of  tlie 
[  inajohty  of  mineral  fiUb«taMce«.  The  colloid  Rolid  i^ubgianeeit  in  organi^mf* — ^tlmt  iB,  iu 
f  Auimals  lUid  plants — are  utiuahy  soaked  with  water^and  take  moHt  [let'uliar  rorms,  of  net- 
I  works,  of  granulef^,  of  hair$^,  of  mucouK,  &hapeleBi<i  ma«iges,  itrc^  which  ate  quite  difTervut 
[from  the  forma  taken  by  crystalline  wubtttimces.  When  colloids  aepaniite  out  fftiin  ftola- 
,  or  from  a  tiiolten  stBte,  they  present  u,  form  which  i»  Himilar  to  that  of  the  luitiid 
lirhtch  they  wen*  formed*  Glass  nniyhe  tidteii  at*  the  bertt  exiUJiple  of  thii?.  Colbidn 
r^sttnguiAliable  from  cry&talloidH,  not  iuily  by  the  abHt^nee  of  eiTHtalliue  form,  but  by 
llbtuij  other  propertien  which  admit  nf  clearly  distingui^hintif  both  thefte  clasi^e<^  of  ^olidii, 
shown  by  the  above-mentioned  English  acientiJic  man>  Graham,  Nearly  all 
cilloida  are  cai>ahle  of  pa^iniing,  under  certain  cjrcam«tanee»t  friim  a  *wiluble  into  an 
fiwotable  rotate.     The  best  example  is  Bhown  by  white  of  e;:|jK  <»^lbuminl  in  the  raw  and 

ilnblo  form,  and  bi  the  hard-boiled  

bd  iuftoluble  form.  Tlie  majority 
colloidii,  uu  painting  into  an  in- 
hluble  form  in  llie  presence  of 
rati^r,  give  substances  having  a 
eUlinoas  appearance,  which  in 
ailuir  U>  every  one  in  starch, 
Dlidifiwl  glae.  jelly,  ilc.  Thus 
elatiii,  or  common  carpenter's 
fioe,  wbext  soaketl  in  wat4*r,  swells 
» into  an  inMiluble  jell^'.  If  thiB 
»U>  be  heated,  it  melt**,  and  is  then 
olttble  in  water,  but  on  cooling  it 
forma  a  jelly  which  ia  in- 
iD  water.     One  of  the  pro^ 

which   diatittguiBh    colloidii  ^*'*'  **     DiAly-<er.    Ap|*Amtn-»  for  tie  a^ptmitlon  of  mb- 
,    ,,     3  .7   .  ii     *  rtariiH*  wldHi  jma*  t)in*nvh   it   mi*niljmnt!   Iwmi  tltoi>» 

(  cry«*Ulloidtt  it  that  the  former       ^jiu-h  iio  not.    Dcscrlj>tl«ii  iu  text, 
piMui  wT}'  H  lowly  through   a  metn- 

bnuie,  whilst  the  latter  jkenetrati*  very  rapidly.  Tliin  may  be  sho^vii  by  taking  A  cylinder^ 
open  Atbotli  ends,  and  by  covering  itK  lower  end  witli  a  bladder  or  witii  vegetable  parch- 
nt  (unsized  paper  immeraed  for  twortr  tliree  miniiteft  in  a  mixture  of  sinlphurie  mud  and 
df  iU  volume  of  water,  and  tlicn  w&Hbed),  ur  aiiy^dhcr  membranouti  snltHttinee  lull  such 
Dbiitiincvii  are  thenmelvei*  colloids  in  an  in^duble  form).  The  membrane  muAi  be  firmly 
Ut  the  cylinder,  *»o  a*  not  to  leave  any  opening.  Such  an  appiinitui*  i^  called  a 
iLialyicr  (fig.  lU),  and  the  priK^ess  of  weparation  of  crystalloids  from  LLilluidK  by  meauK  of 
i  a  membrane  is*  termed  diaiy^is.  An  aqueous  aolution  uf  a  cryHtalloid  or  colloid, 
'  a  tnixlare  of  liolh,  is  puured  into  the  dialyser,  which  ift  then  placed  in  a  vestwl  con- 
aittiug  water,  so  that  the  btittom  of  the  membrane  ii4  covered  with  water.  Then,  after  n, 
lifefrrtain  |>eriod  uf  time,  the  crystalloid  pa^rie^  through  the  membrane,  whiUt  the  colloid, 
'[  it  doeii  pa«a  liirough  At  «iU  doeti  »o  at  an  incomparably  idower  rate.    The  cryatniloid 
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If  it  ho  desin^d  to  iiR*rease  the  lute  of  suhitinti,  reamrse  must 
lif»  hfid  to  stiiTiiig,  shaking,  or  some  such  mechanical  iiic^vement, 
ohli^jin^  the  solutiim  formed  muntl  the  <^iven  suhsUinco  to  rise  up- 
wards if  the  s*»lution  he  heavier  than  water,  iSut  if  once  a  uniform 
soltitioii  is  ff)rmed,  it  wil!  remain  urnform  if  the  temperature  be 
uniform,  no  matter  how  heavy  the  dissolved  substance  is,  or  liow  long 
the  solution  be  left  at  rest,  which  fact  again  shows  the  presence  of  a 
force  holding  togetlier  the  particles  of  the  Imdy  dissolved  and  of  the 
solvent.'-' 

nftturidly  pasties  througli  into  the  water  untiH  i\w  KtAnlum  (it tains  tlir  wiune  strength  on 
Ivatli  sideH  of  the  !n*^tiihritiw5-  By  reijlncing  tb«  outiiidu  water  with  fresh  wiiter,  a,  fruslj 
qiidntity  «f  the  ervHtalloicl  lutiy  be  wepaniteO  from  the  tliuly^er.  While  a  crystnlioid  \s 
pafising  through  the  mi^mbrttJiis  u  colloid  ix^mains  tUmost  entirely  i»  the  diiilyner,  and 
therefore  iv  iiiix*Ml  Nolution  of  the^e  two  kindB  of  HubHtanctia  may  be  Hoparated  from  efic)i 
other  by  &  dialvHer.  The  Htudy  of  the  |iro|>ertie!i  of  colloids,  and  of  the  jthenomeiift  of 
tVieir  passag'e  throuijh  nienihraiies,  ishouM  elucidate  much  respectiii}^  the  pheiiomeua 
wliich  are  ftccoinplinhed  in  orjfaniftiiifl. 

' "  The  fonnatioii  of  solutions  may  be  considered  m  two  asp<*cts,  from  a  physical  and  from 
a  ulieiiiieal  x»^>i»it  itf  view,  and  it  is  more  evident  hi  solutions  than  m  any  other  dttpHrtment 
of  chemistry  tbtil  Ihene  proniioe«  of  natural  «citnco  are  ^hied  togetber  in  a  moHt  intimAtt* 
mftniHT.  On  ont  hrtnd  solutions  form  a  particular  awjiet't  of  ii  ijliyttico-merbanical  inter- 
penetration  of  hoin<*Kt'iiP*>"^  finbsttinces,  and  a  juxtapofiition  of  the  moleouleti  of  the  sob- 
Htaiiet:!  diHRidved  and  of  the  sjilvent,  fiimilar  to  the  juxtivpoKition  wbii-h  la  exhibited  iti 
homof^Hiteonsi  Hiibittaijces,  From  thin  point  of  view  thih  diffusion  of  $MilutioBi4  in  exactly 
ftiijiilaf  to  the  diffutjion  of  j^'a?ie«,  with  only  tbi»  difference,  that  the  nnture  and  nUim  of 
eiwrgy  trt  dilferf  nt  in  gaeeHfrom  what  it  is  in  lit^iiidH,  tvnd  that  in  liquidi?  thert?  in  consider- 
lihle  (notion  whiUt  in  ^(iifteK  there  is  com  para  tiYely  little.  The  penetration  of  a  disiiolrvd 
BtibHtance  into  water  h  likent^d  to  evapfiration,  and  nolutioii  to  the  formation  of  vapour. 
Tills  reHeniblame  wan  clearly  expreKsed  even  by  Graham.  In  recent  yeari*  the  Dutch 
ehemiKt,  Van*t  Hot!,  lias  developed  this  view  of  KokitionH  in  j^reat  detnil,  luivingHhown  (in 
a  memoir  in  the  TranJiartionx  of  the  Sat  dish  Acadrmt/  uf  Scieitcr,  Part  21,  No*  17, 
'  Lois  d^  I'oquilibre  chimique  dan*  Fetat  dilue,  gazeiix  au  difiwous,'  IhhCi,  that  for  dilute 
Holution^  tlie  osmotic  prtMurt'  folio wh  the  H.anie  law«  {of  Boyle^  Marioite,  tray-Lu«*aii*', 
and  Avo^rtdro'tferbardtl  as  for  ga»ei!.  (The  oamotic  pressure  of  a  rtiibntance  dJHftolved  in 
wiiter  i^i  determined  by  meaiiH  of  membrane li  which  allow  ihe  paKHa^e  of  water,  but  uol 
of  a  huhstance  dihi*olved  in  it,  through  them.  This  property  if*  fomul  in  animal  proto- 
pla^mic  membraneH  and  in  porou«  subiitaneea  covered  with  an  amorphouK  precipitate 
fiuch  a«  \A  obtained  by  the  action  of  eo|>|>er  suhdiate  on  pota^Mium  ferroryanidi?  (PfTeifer 
Trauhe).  If,  for  int*tance,  a  tmo  p.*j.  Holution  of  HU]<ar  W  phited  in  Huoh  a  vesaet, 
whieh  ift  then  olom*fl  and  phvctKl  in  ^^•ate^,  then  the  water  ]>aK!^eR  throtlgb  the  walU 
of  the  veHHcl  and  increafteti  the  preuRUre  by  .'>0  mm.  cj  the  harftnietric  column.  If  the 
prcftsur**  be  artifiiially  increased  itiAido  the  vewH«Ip  then  the  water  will  be  expellee] 
through  the  walln*  The  osmotic  iitefiHiiT*^  of  dihite  Kt)hitionM  determined  in  this  manner 
Urom  obHer^atioufe  mude  by  Pffeifer  and  De  VrioH)  wan  nhown  to  follow  the  saine  law» 
Ag  thoHe  of  the  preHsiire  of  ^m»;iH  ;  for  ii^Htante,  by  donhling  or  inereaninf^  the  iptatitity  of 
A  «Alt  (in  a  ^iven  volnmef  n  tinifls,  the  preMsiure  in  doubled  or  increafteH  n  limoH,  One  of 
the  extreme  eonAer|nence*i  of  the  rei^emblanee  of  OBmotic  [iretiHure  to  ^aneoUH  pre^Kure 
i»  that  the  eon*HMitratioii  of  a  uniform  8olution  varies  in  parts  which  are  heated  or  cooled. 
Soret  <lHHlMnd<L*ed  obncrved  that  a  solution  of  copper  j^nlphatp  containint^  17  parti*  of 
the  mdt  at  'itl- '  only  contained  li  parts  nfler  heating  the  upj^er  portion  of  the  tube  to 
ISO-  for  a  lon^'  period  of  imtel  This  a»is«ct  of  Holntion, which  is  mow  being  very  carefully 
and  fully  worked  out,  may  be  called  the  phykicai  -^ide,  Itn  otber  nspeet  i»  purely 
^hemieal^  for  Aolution  does  not  talke  place  between  ony  two  aubstancea,  but  requires  * 
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lu  the  considemtion  of  the  process  of  solution,  beijideii  the  con- 
ception of  diflfusion,  another  fundamental  conception  is  necessary, 
namely,  that  of  the  snturation  o/sofufions. 

ciiecla.1  ttntJ  ptU'tiiuW  attraction  or  affinity  Ivutween  theuu  A  vapour  or  giiR  pemieales 
into  eaxj  ryilwe  vnpnur  or  gas,  but  a  wilt  wliieli  diftHolTeH  in  water  may  not  }w  in  the  li?A«t 
toluMt*  in  iilcohol,  und  is.  quite  insoluble  in  mercury.  In  considering^  nolution  iia  a  nmui- 
Cesttttion  of  cbeinieal  forces  livnd  of  oheinical  eiier^jy),  it  muHt  l>e  wknowle^lged  tluit  they 
Art*  hvTf  tlevelojwd  to  *w>  feeble  An  extent  that  the  definite  crJinpomidfi  (that  is^  thoa« 
fontied  Atceordaig  to  the  law  of  multiple  profMjrtions)  whieb  are  fonned  between  water 
«nd  A  eolable  ^ubstAnee  diatiociate  iit  ttven  the  ordin^uy  temi>eriiture,  forming  a  homo- 
^leneous  syntem — that  ih,  one  where  both  the  eomjHJtjnd  and  the  products  into  which  it 
ddoomiMifieH  (water  anrl  the  iu|ueoiiA  compound)  oct-ur  in  u  lit|uid  «tfttp»  The  chief  di&i- 
culty  in  tlte  compreheuttion  of  Kolutionn  de^iendti  on  the  fuct  tliat  the  mechanical  theory 
of  the  strtieture  of  liquidft  liaR  not  yet  been  so  fully  developed  an  the  theory  of  ganeH,  nnd » 
aoltxtiofi&  nra  liquidM.  The  conception  of  uolutionH  ai^.  liquid  din.HCiciated  dehnite  chemical 
o:»mpooi]dR  in  based  on  the  following  comsiderutionH :  (1)  that  there  exint  eertain  undoubt- 
t<dly  d«*fifiite  cbeiuieal  crystalline  compounds  (stich  an  H^HOi,  H^O ;  or  NftCl,  lOH.jO;  m 
C41CL,  ItH'iO  :  ifec.)  whieli  melt  on  a  certain  rise  of  temperature,  and  then  form  real  wdn- 
tionft;  (2)  that  metallic  alloys  in  a  molten  condition  are  reul  sohitionw,  hut  on  eoohn},rthey 
cvfteii  give  entirely  distinct  and  deli nile  crystalline  comixiundK,  which  are  nco|jniii*ed  by 
the  propertie*  of  alloyi ;  (3)  that  between  the  wnh  ent  and  the  substance  dissolved  there 
ar»  formed,  in  u  namber  of  ca^es,  many  undoubtedly  definit^e  ctunjKUindH,  a«rb  an  rom- 
pouiidR  with  water  of  cryKialli&atioD  ;  (4)  that  the  phywicul  prnix^rticH  4if  sotutionti,  and 
f:»pecial1y  tJieir  f^peeific  jp-avitien  (a  property  winch  ip  very  uecurately  obnervnble},  viiry 
«rith  a  cbanf^e  in  composition,  and  in  such  11  manner  ae  the  formation  of  one  or  aeveral 
dfrSniie  bnt  diib6r>cintJng  compounds  would  require.  Thu»,  for  example,  on  addm^ 
water  to  fmning  feul]dmric  acid  it«  (i*^iiKity  in  tibM*^rved  to  decrease  until  it  attains  the 
drfimie  eompoj^ition  H^^O^,  or  SO-  +  H.j,0,  when  the  sijecific  ji^ravity  incrcafifj'S,  ulthoogh 
oil  ftiHber  dilntin|f  with  water  it  again  falls.  Farther  (Mendeh'effj  Thr  Tttrtatiffution  0/ 
A/fut^0M9  SohttioftH  front  their  Sprcifir  Gravititu,  1H87),  the  iucrease  in  wpetrific  ^avity 
idi}i  with  the  augmentation  {(tp)  of  the  perceiitivge  amount  of  a  HubHtance  dinsolved, 
riMri«a  in  all  welbknown  Bolutioos  witli  the  peri'entage  amoimt  of  tbe  subeiiiuice  diii^oWed, 


between   tbe  limits  of 


«0  thii  a  rectilinear  dependence  is  obtained  (Le.,  *—    —  A  +  3p 

dp 

d^nite  istmpounds  which  must  be  acknowledged  to  exi»t  in  solutions ;  thi«  would  be 

expoeted  to  t»e  the  ea*e  from  tJie  di»soei<aioii  h)iK>theQirt.     So,  for  inwtanee,  from  HjSO^ 

toR«SO|-^  H^O  (t^totb  thene  tftibutanceft  exi^t  uii  definite  compoundH  in  a  free  state),  the 

fmotiOli     *  =  00729 -0*t)t>O741»p  (where  p  in  the  percentage  amonnt  of  H28O1).     For 

alcohol  CjHpO,  who*!**  nqueouii  nolutions  have  been  more  accurately  in venti gated  thnu  ttll 
atltei'^,  three  definite  comiw'Undj*  muKt  be  aiknowledged  in  its  solutiouj*,  C^^H^O-t-  li2H.>0, 
C»H,.0-^  3H.jO,  and  8C^>H^,0+  HjO. 

The  two  aepertH  of  eolution  above  mentioned,  and  the  hypotheseft  which  have  aa  yet 
been  applied  to  the  exaniination  of  solutions,  although  they  have  partially  different 
•totting  pointa,  yet  will  doubtlciifi  in  time  lead  to  a  general  theory  of  Kolutiuna,  l>ecauMe 
ib«  B«me  common  lawn  govern  both  physical  and  cheraic4il  phenmnena,  inaemufdi  aH  the 
pro|>eitiefi  and  movement*  of  molecules,  which  determine  phyHical  properties,  aredei»end 
ent  on  tbe  movement**  and  properties  of  atome^  which  determine  cliemieal  mutual  actionfi« 
For  details  of  the  que*tion^  dealing  with  the  thetarie^  of  solution  retouriM?  muHt  now  be 
had  to  cpccial  memoirs  and  to  works  on  tlieoreticalfpbyHiLall  cheiiiiHtry ;  for  thiji  nubject 
furma  oue  of  special  interest  at  the  preiient  «iioch  of  the  development  (»f  our  »cienec. 
In  working  out  chiefly  tbe  chemical  dde  of  solutions  I  ccmtsider  it  to  be  tieceutary  to 
n»c«>ucilc  the  two  sf^pectK  of  the  question  ;  thin  Aeenn^  to  nie  to  be  all  the  more  posaible, 
a*  the  physkal  «iide  ia  limited  to  dilute  scvlutiouH  only,  whilst  the  chemicul  side  deala 
mAinly  with  9trong  fiolutions, 
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Just  as  daiiip  au'  may  he  adcled  t*>  any  tiiifiiitily  of  dry  air  it 
desired,  so  also  a  solvent  liquid  may  l>e  taken  in  an  indefinitely  large 
tjtiantity  iind  yet  a  uniform  solution  will  Ue  iit)tained-  But  more  than 
:i  definite  quantity  of  aqueoujs  vapour  cannot  lie  introduced  into  a 
eertain  volume  of  air  at  a  certain  teniperature.  The  excess  a.lji»ve  the 
point  uf  saturation  will  remain  in  the  liquid!  form.'-"  The  relation 
hetween  water  and  subst^inces  dissolved  in  it  is  similar.  ^Inre  than  a 
definite  quantity  of  a  8u]>stance  cannot,  at  a  eertain  tPiuperature^  dis- 
solve in  a  ghen  quantity  of  water  ;  the  excess  does  not  unite  with  the 
water.  Just  as  air  or  a  gas  becomes  saturated  with  vajMJur,  so  water 
hecomes  saturated  with  a  substance  dissolve<l  in  it*     If  an  excess  of  a 

*"  A  juxtaposition  of  uJjHniiinilly  or  phyaiciilly)  rertc^ling  ttubyliiitoeH  tukou  in  vanntm 
stated — for  inHtnnce.Konit?  solid,  ot hers lic[uid  or  gaseotiit — ^}h  tinned  iihetit?ro>reiit*nu«  sy strain. 
Up  to  now  it  in  only  hysteins  t4  thJH  kiti<l  which  can  hf  suUjerk^d  I'*  (1*4. ul*'*!  r*itrttuiiiatioii 
in  tUo  neiise  of  the  fjieehiiak'ul  tht-on'  ot  heat,  fcsrtlutiohji  preboiU  hquid  bmuogeiieoaiA 
Etyfit'ems,  which  ttB  yet  are  subjtr'cted  Ut  iiivcHtinjfattun  with  difficulty. 

In  the  ca«e  of  limit^jtl  Mih^itjiin  of  liqiiidH  in  litjaitls,  thv  tlifcrni'Cf  bettrmn  ihr  aolvtcnit 
and  the  sHhstam^t'  thn6ohed  W  dearly  Rewiu  Tlie  former  Uhat  is,  the  «olvejit)  may  b« 
added  in  nn  uiiUmited  quantity,  nncl  yet  the  solution  obtixined  will  always  be  otuforui^ 
whilnt  of  the  t>nbtttiinee  (iisfinlved  there  cau  *jidy  be  taken  a  definite  saturating  propor- 
tion. We  will  tftke  water  and  toinmon  Is^nlphnric]  ether.  On  nhakinf;  the  ether  iivith  th« 
water  it  will  be  remarked  tluit  a  portion  of  it  diHsoVve»  in  the  water^  forming  a  solnlion. 
If  the  ether  be  taken  in  rJiich  a  quantity  that  it  tiaturateii  the  water  and  a  portion  of  it 
remains  tjudiHsolved,  then  this  remaining  portion  will  act  a«*  a  Holvent,  and  wat4;T  will 
diffuse  thronnh  it  and  also  fonii  a  t^aturated  wolntmn  of  water  in  the  ether  taken,  Tbna 
two  saturated  solntinns,  will  Iw  obtained,  t^ne  Holution  will  contain  aAIwv  dissolved  in 
water,  ajnl  the  other  ftolntioo  will  eontain  water  disaolved  in  ether.  Th<+»e  two  tuilutions 
will  arrange  theniHelves  in  two  lay^erti,  according  to  their  d«?nsity  ;  tl)*?-  ether<?al  s^olution 
of  wat<ir  w^ill  be  on  tile  top,  ap.  the  lij»,4itej4t,  and  the  aijueotii^  flohition  of  ether  at  the 
bottom,  aR  the  lieavie^t.  If  th**  upper  ethereal  »rdution  Iw?  pmired  off  from  the  m^neoita 
KoUitioii,  any  quiint'ty  of  ether  may  be  udded  Ui  it;  this  nhoWft  that  the  di-.jiolvinj*  ijitib- 
ttt-4iTU4'!  i«  ether.  If  wat^-r  be  added  to  it,  it  i»  no  hjuger  dii»>»olved  in  it;  tl>is  nhoWH  thufe 
water  satnrateii  the  ether — htjre  water  Ib  the  suhatauit^e  diwHolved,  If  we  act  in  the  Hairie 
manner  witli  tlic  lower  layer,  we  nhall  find  that  water  is  the  Molvent  and  etlier  the  sub- 
liianec  diRBolvtHl,  By  taking  different  antonnti*  of  etlier  and  wal^r.  the  d<!*gree  of  , 
fioluhility  *d  ♦Hher  in  wat*^r,  ami  of  water  in  ether,  may  be  easily  deterinim^d.  Thn»»  for 
exaiiiplis  ill  th^  above  case  it  is  found  that  water  npproximately  dj^nolv*?*  ,\^  of  tts 
volnme  of  ether,  luid  ether  diwHol  vet*  a  very  hjuuI  I  quatitity  ol  a  ater.  Let  u*'  imugin**  that  the 
liquid  poured  in  diKMolven  a  eouHiderahle  amount  of  water,  and  that  water  disHolv*^«  a 
cotiHiderabhi  ann»iirit  of  thf^  liquid.  For  intitanee,  let  n34  ima^'ine  tliat  the  Raturution  nf 
lOO  part(<i  of  water  require  Hi)  parts  of  tlie  liquid,  and  that  liJO  parts  of  the  liquid  would 
require  liiri  partn  of  water  for  its  Haturatinii.  What  would  then  take  place  if  tlie  liquid 
be  poured  in  water  ?  Two  layers  ccmid  not  be  formed,  ht*caitN.e  the  anturated  nrdntiond 
would  reHf^mble  each  other,  4ind  th*:^r»ffore  they  would  int#^rinix  in  all  proportions. 
Indeed,  in  the  saturated  a<|UeonH  Kolittirtn  there  would  Im  \\n  partt^  «jif  the  liquid  tiiki^n  to 
]  part  of  water^  and  in  tlie  solution  of  water  iti  the  liquid  taken  there  wfmld  1^  on 
aaturation  1  part  t»f  water  to  \vn  parts  ol  th#»  liquidi  Thi^re  wookl  be  no  line  nf  demiircii- 
tion  between  the  hiyern  of  the  hquidn,  or»  in  other  word«t  they  wifuld  intermix  in  all 
proportioni*.  TIjik  is,  coiitii?qnently,  a  tniKe  of  a  phenomena  where  tvn  liipiidH  present 
considerable  co-efhcients  of  Moluhility  in  each  other,  hut  where  it  ih  im|>oi*Hihle  to  Hay  wlmi  , 
Uie§e  Cf)-efflcient»  are,  h€>tauHe  it  in  im{>€>asible  to  obtain  a  saturated  hnhition. 
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substance  be  addeti  to  wuter  whioh  is  ali^eaxiy  saturated  with  it,  it  will 

rewittiTi  in  its  ori^nal  sUitf,  and  will  n«»t  t^pread  through  the  wAitc-r,    Th*' 

ijuantity    of    a     substance 

(either    by    voluiue    with 

ga5«*s,   or  by   weight  with 

so) ids  sititl  liquids)  which  is 

capable  uf   saturating   100 

parts  of  water  Ls  called  the 

co-fjj^f'it'nt  of  Hfihthilifi/  or 

the sohibility.  In  100  grams 

of  water  at  15**,  there  can 

be  dissolved  not  more  than 

35-86    gmms    tif    coiuition 

salt.       CoiLsequentlVt      its 

solubility  at   15^^    is   ef|nal 

to    35 '86.^*^       It    is    most 


*»  Th«  ftolubility,  or  co-efficitjiit 
ef  ftiiltibility,  of  •  eiibAtiiint>e  in  de- 
tmutTHrd  by  vnrious  meihodH. 
Either  a  Aolotion  is  i;x(iri'»tt)ly  pr«*> 
|i&re4  with  *  cXviH  eiCtiAs  of  the 
«ohtble  «tib«t«nce  uni)  Huttiruttid 
ttl  •  iriTcii  tern  (Kfi  lit  ure,  mid  tUe 
i^fumiity  o(  wat^r  and  of  the  ^nb- 
ittA^tier  ilitiirfjlvtfd  in  it  detonnined 
by  evaponition,  de«icciiliViii,  or 
ficlirr  memifi ;  or  e\ht>,  ab  in  dune 
vith  £(<kse».  known  ituiuitttit'^  nf 
wmief  «nd  «if  thf  *i>luhJe  hiib- 
mitkucm  ^re^  tnki'ii^  mid  Uie  amount 
rmnBitiixig  ttndiBwth'iK]  i«  deter- 
mined. 

TiiH  «til(ibtliiy  of  fir  jfiv*  tn  wuter 
f«(leti*rmtno«1  by  tne^aiift  uf  an  %\{i- 
fatf«itiK  called  mi  ahiurpiiO' 
ntHrr  ifig.  1«U  It  oonsbtH  of  lui 
iiPrm  «iiind/i  on  which  an  indiA  nib- 
\mf  rttjf  r««i^  A  wride  glasH  lijlif 
ta  pliir^  on  thiH  ring,  mid  jh  jifei^- 
•*c!  dowa  oil  it  by  the  riiijj  h  jdnd 
ihm  itf-rMWi  I  £.  T1m«  tube  i^  thu« 
lirmly  fixtsd  on  ih<»  iUrtd.  A  cock 
r,  romnt till] rutin }f  with  a  ftiiinel  r, 
liMneM  into  the  lr)Wf  r  part  of  tiie 
«t«nd.  Mercury  ran  be  poured 
into  ibi*  iride  tube  through  thin 
lunnel,  trhich  »*  therefore  nmde 
«f  «t«el,  im  co|iper  w'ouJd  lie 
iLir«t:ird  by  the  merrury.  The 
Upper  ftn|!  h  U  ftimifthed  with  ci 


nirtilii^  tim  anlubility  of  (n*«o  in  titi"^'^''' 


V   2 


m 


PRINCIPLES   OF   f'lJEMISTIiV 


Just  as  tlaiiip  iiir  may  be  added  Uj  any  tiiiantily  of  dry  air  it  be 
desired,  so  also  a  solvent  liquid  may  be  taken  in  an  indetitntely  large 
<]nantity  and  yet  a  uniform  solutitm  will  be  i>btnined.  But  moi^  than 
;i  definite  f|uantity  of  aqueouR  vapour  cannot  be  introtlueed  into  a 
certain  volume  of  air  at  a  certain  temperature.  The  exiess  aliove  the 
pjoint  of  saturation  will  remain  in  the  liquid  form.'^*^  The  relation 
f  jet  ween  water  and  substances  dissolved  in  it  is  similar.  More  than  a 
definite  quantity  of  a  substanr*?  <!anTiotj  at  a  rerUdn  temperature,  dis- 
solve in  a  gi\  en  quantity  of  water  ;  the  excess  does  not  unite  with  the 
water.  Just  as  air  or  a  gas  becomes  satumtetl  with  vajKJtir,  so  water 
becomes  saturated  with  a  substance  dissolv  e^l  in  it.     If  nn  excess  of  a 


•**  A  jiixtapo«itioti  of  icheuik-ally  or  phyBictLllyi  reacting  sabiitti rift's  tttken  in  vnrioaa 
statt!'!! — Un  ijifitnnee,  Honiit  solid,  rHlitTKlitniicI  or  (?tiBt?ou»— in  t^^nned  n  lietorogeuf  oii«  system, 
U|i  to  now  it  in  only  i^ysteiriH  <4  tliin  kmtl  wliirh  can  b<*  t^ubjrn  led  to  detailed  t'XiiTiimfttioii 
m  tUe  HiiiiHe  of  tli«  iiu?x:hfliiit'*il  thfory  of  licat.  S4olutiottH  pTefitrnl  Ilc|^aid  huuiogeiieons 
nyfit^Jtiitt,  which  uk  yet  iire  nubjtfctt^d  to  iiivei*ti|;tttis>n  with  diflitnilty. 

In  th*?  t^iifte  of  limited  Hohition  of  liqiiklH  in  liEjuids^^  the  dijfrrtnet'  hrtnt'i'n  thr*  iolpent  i 
and  flw  suh»tam'r  tlisftvlvt'd  ih  clearly  seen.     The  fonner  (that  ij*,  the  solveut)  uniy  be 
added  in  an  unlimited  qunntity,  and  yet  the  i^oUition  nbtAininl  will  rtlways  h<*  nnifnrm» 
whilst  of  the  snlmlnnee  disHolved  there  eaii  only  be  taken  a  definite  (♦nluratiog  pn^por- 
tion.     AVe  will  tnkewat*?r  and  common  Isnlidiuric)  ether.    On  slmkiiig  the  eth^r  uith  the 
wiiUr  it  will  be  reinnrked  that  ii  ivortioii  of  it  diftsolves  in  the  wiUer,  fonning  n  t^dution. 
If  tile  ether  be  tnkeji  in  hueh  a  cjnuntity  that  it  Kiitnmteg  the  wnU^r  and  o.  portion  of  it 
renminfi  undjsi^olved,  then  thiw  remaining  portion  will  act  aw  a  *y'dvent»  lind  water  will 
dlfTufie  throu^jh  it  and  aUnj  fonn  a  sttturatfd  nolation  of  water  in  tlie  ether  taken.     Thus 
two  saturiited  NohitJoiiH  will  he  obtained.     One  i^olution  will  contain  ether  dissolved  in 
wat^i^r,  and  the  other  »ohition  will  eontain  wtkter  diHtfohed  in  ether.     Thewe  two  holutiona  ' 
will  iirriuige  Iherawelves  in  two  layers,  iU'cordin^  to  their  density  ;    tlie  ethereid  Violation 
of  water  will  be  on  the  top,  as  tin*  lightest,  nnd  the  aqueous  fiolntion  uf  ether  at  the  , 
bottom,  AS  tho  heaviest^     If  thy  upjier  e!ihcr*?al  wihition  he  |>oured  olT  from  the  lu^ueou^  ' 
acdution,  any  qnant:t>  of  ether  maybe  added  to  it;  this  shows  thut  thi»  disH«dving  »ub- 
Ntanee  is  ether.     If  water  be  added  to  itj  it  is  no  lnnt;er  dist^olvetl  in  it;  this  Hhows  that 
water  sHtnnitei^  the  ether — here  water  is  the  snhhitance  diKj«dved.     If  we  aet  in  the  f>uJiie 
manner  with  the  lower  layer*  we  hIihH  tind  that  water  ib  the  solvent  and  ether  the  sub* 
stance    dissolved.       By   takinj^  different  amountn  of    ether    and    water,    the  degree  of 
nobihility  of  ether  in  water,  and  ul  uater  hi  ether,  nniy  be  easily  determined.     Tlm«,  for  , 
example,  in    the  above  ease  it  in    fonnd  that  water   approximalely  diHHolve*    Jfj  of  its  I 
volume  of  ether,  and  ether  diHw^l  ves  a  very  small  quantity  of  water.   Let  uh  imaj^ine  that  til©  j 
liqnid  poured  in  diHsolves  a  eonniderable  amomit  nf  water,  and  that  water  ditirtolves  n 
cnnsidcrablrt  amount  of  the  liqnid.     For  inntance,  let  ns  innvgine  that  the  saturation  of 
nK»  partH  of  wat^r  require  HO  partf*  of  the  liquid,  and  that  100  part!*  ut  the  liquid  would 
riHjnire  I'iri  partH  of  water  for  its  saturation.     What  would  tlien  twke  plaee  if  the  liquid 
be  pnured  ijj  watJ^r  ?     Two  layers  could  not  be   formed,  iMjcam**'  the  naturated  holutioua 
would    reHeinble   eatdi    other,    and    therefore   they    w^ould    inb'nnix    in    all    pro[tortioin*. 
Indeed,  in  the  Maturated  aqueotis  solution  there  would  be  iVH  partn  of  tin?  litpiid  taken  ta 
1  part  of  water,  and   in  the   nolution  of  water  in  the  liquid   taken   there   would   be  on  ' 
buturation  1  part  of  wrtter  t^  0"H  partK  of  the  liquid.     Tliere  would  W  no  line  of  deiuftrea- 
tion  between  the  layerw  of  the  liqnidfi,  or,  in  other  words,  tiny  would  intermix  in  all 
jiroportionH.     This  in,  conmH]Ueijtly,  a   case  of  a  phenroneim  wher^  two  liipiids  prestnit 
connijderahleeo-eflicientHof  solnbility  in  each  other,  but  where  it  in  impoHsihle  to  nay  whal 
thtuse  co-efficientR  are,  because  it  ia  inipoHKible  to  obtain  a  t-nturated  t^,l^hltion► 
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substance  be  addetl  to  water  which  is  ali-eady  saturated  with  it,  it  will 

remain  in  its  originjU  &UiU\  uml  will  m>t  spread  through  the  water.    The 

tjuantity    of    a     suhst^mc© 

(either     by    volume     with 

gases,   or  Uj   weiglit  \rith 

solids  and  liquids)  which  is 

eapiible  «>£  saturating    lOU 

pArts  of  water  is  called  the 

co-^jfirifni  of'  Hof tihll'tt tj  or 

the  ifoht&ifiti/.  In  100  grams 

of  water  at  15*,  there  can 

Ije  dissolved  not  more  than 

35*86    graiUi;    of    common 

saltM       Consequently.       its 

solubility  at   l'»-    is   equal 

to    35*8^21      It    ia     most 


**  The  iio]abtUtj,urt'0'«f!idetit 
of  ftolubilit^r,  of  a  «u bounce  im  cle- 
if*nnJn«d  b^f  vuriouh  utetlK^rln. 
Eitlier  a  ftoltitjon  i»  exprei*Bly  |ir«- 
{ia]rf*d  whh  n  eleikr  exccftuKi  of  tXw 
««>Itibl^  ^nb^tanee  liiid  AHinniU-d 
ftX  m  gi%'on  t€ini>«fmtor*»,  anil  Hte 
qQADtity  of  wrttcr  and  of  lh«»  mib- 
•telice  dissolved  hi  it  delermiiit^d 
by  rTAporHition,  denicratton,  or 
•ftber  me«»n» ;  or  tdftc,  »«  is  done 
wHh  giUK-A,  knowii  inmntitieH  nf 
«rmt«^  und  of  the  ^oIuIiIl*  niib^ 
«Utioer  lire  tidken,  ikod  Uie  amonnfc 
retctAinitij^  uudtHwlTed  ib  d«tc-r* 
tii4ti«d. 

The  srdtibdjty  of  ii  ^lu*  in  wuler 
IS  (teu^rmitiefl  by  nieiuin  of  ii.n  up* 
pMn»ius  cftlled  mi  abnurpiut' 
mrttr  (fig,  l«),  It  ^KJiiiBittt-*  of  nn 
iroti  Atund/t  on  vrhieb  an  india-riib' 
b«?r  rnK  Wf*U.  A  wide  ^Ums  tobo 
t«  plji?«*<l  m»  thi*i  ring,  ttnd  in  iiren- 
wd  down  on  il  by  the  rin^  h  tiuA 
thf  «rrrwit  t  u  Thr  tnb»-  i^  thuH 
ftrtuly  fixed  on  the  stuud,  A  c«>ck 
r,  crmtn»unie«ttr}gwitli  u  funnel  r, 
|f*»r  intci  the  UmtT  piirt  of  the 
Matid.  Mtircory  can  he  poai^d 
iuUt  liie  widts  tube  thmuKh  this 
foanelf  which  tu  therefore  Tn^de 
of  ttcwl,  A»  copper  would  be 
•llbciMl  by  tlie  inercory.  The 
ii|iper  finji  h  sr  fumiAlied  with  u 


Fio.U. 


i^hibfj 


tiiddiig  the  Mihibflltj  ot  (pucit  in  )ti|ii)iU. 


for    ikter- 
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iiiiportaiit   to  turn  attention    to  tlie   rxvttenee    of  the   aolid    in^iJnbl*" 
substanf'es   of  naiare^   because     on    them    depends   the   shfipe   of   the 


COver/3,wliichcftn  U*  fimily  preiiEKfd  down  mi  tothi?  wkletiiiie,  and  jLermetically  dtMes  it 
by  tnean*J  nf  nn  mdin-rubl>er  riii^.  The  ta  W  v  r  cuiu  he-  niised  tit  wilJ,  and!  no  by  pouring  mer- 
cury into  the  fumid  the  hei^'lit  of  th«  t-nUimn  of  mercury,  which producei*  jireHHtirt*  insido 
tli«*  tupparutus,  vivn  he  ixicrejiwed.  The  [trvwHiire  can  hIimj  be  diminished  itt  wilh  hy  liettitig^ 
mercurj'  out  through  the  crunk  r,  A  graeliiated  tube  ^»ioiitaiuiug  the  gtiu  and  liquid  to  he 
experimeuted  on,  trt  phuied  inside  the  wide  tube.  This  tube  m  gradnrtted  in  niilbinf^treft 
for  deterniiJiiiig  the  preMjiur*?,  aud  it  in  caJibruted  for  voluuiew^  ho  tluit  th«  uunili^r  of 
voluines  occupied  by  tht*  i^ti«iand  htjuid  dihji^olviug  it  eiiu  be  entiily  eak'ulated.  ThiKtu1>u 
can  dlflo  be  easily  removed  from  the  lipptiratUM.  To  the  rijjfht  of  the  tlgxire,  the  lower 
portion  of  this  tube  when  removed  from  the  appanitus  ib  phown.  It  will  be  observed 
thiit  its  lower  end  is  furiiitihed  with  a  male  screw  h,  fitting  in  a  imt  n.  The  lovi-or 
Burfaci?  nf  the  nut  (I  i«  covered  with  india-rubber,  s-^  that  on  Hcrewing  up  the  tuW  itH 
lower  end  preHHeu  upon  the  india  rubber,  and  thus  hennetitudly  tloHeK  the  whole  tulie,  for 
its  upper  end  in  fUHed  up.  The  nut  a  Ih  furnished  with  arm.**  e  e,  and  in  the  «tand  f^  1 
there  are  coireHponding  spaceft,  so  that  when  the  screwed-iip  internal  tube  jk  fixed  into*  ' 
stand/,  the  arm«  c*  r  fix  into  the^e  spaceH  ent  in/,  ThiR  enablei*  the  internal  tube  to  \m 
fixed  on  to  the  stand/,  Wien  the  internal  tnhe  is  fixed  in  thf  stand,  the  wide  tube  i»  put 
into  it*i  ri;(bt  position,  and  mercury  and  Wivter  are  pemred  intn  the  npnee  betw^?en  the  two 
taben.  uutl  ^'ominuniciition  is  opened  between  the  inside  of  the  tul>e  r  tind  tlie  mercury 
between  the  int'erior  and  exterior  tubcHi.  This  m  doncf  by  either  reAolvin>f  the  interior 
tnbe  t^  or  by  a  key  tnrninK  the  jmt  about  the  bottom  part  of  f.  The  tube  r  'i»  fiOeii  with 
ga»  and  water  aa  follows  :  the  tube  is  removed  from  the  apparatua,  filled  with  mercury, 
and  the  gnu.  to  be  ps]>erimentcd  on  ih  panned  into  it.  The  volume  of  the  g»\a  in  meiiHured, 
the  temperature  and  preHHiire  determined,  and  the  volume  it  would  occtipy  at  0'  and 
7fil)  nim.  cidculat^d.  A  known  volume  of  water  in  then  intreducetl  into  the  tube.  Th& 
water  mui^t  he  previounly  iMnled*  mt,  ilh  to  be  quite  freed  from  air  in  tudtition.  The  tnbe  is» 
then  closed  by  screwing  it  down  on  to  the  india-rubber  on  the  nut.  It  in  then  fixed  on  to 
the  stand/  mercury  and  water  are  poured  into  the  inti*rvening  apace  between  it  and  the- 
ext-erior  tube,  wliich  i«  then  Rcrewed  up  and  eloped  by  thei  cnver  p,  and  the  whole 
apparatus  in  left  at  rtiBt  for  tiouie  time,  ho  that  the  tnlie  r,  and  the  jfaw  in  it,  may  attain  the 
Biinie  temperature  aft  that  of  the  Hurrounding  water,  which  in  marked  by  a  thennoraeter 
k  tied  to  the  tube  c.  The  interior  tube  in  then  again  cloned  by  revolving  it  in  thi;  nut, 
the  cover /J  a^ain  fihut,  and  the  whole  apparatus  in  ahaken  in  order  that  the  giu«  in  the 
tube  c  may  entirely  Bttturate  the  water.  After  several  tthakingn^  tiie  tube  r  in  a^tuu 
opened  by  revolving  it  in  the  nut,  and  the  apparatus  in  left  ut  rent  for  a  certain  time ;  it  is 
then  closed  and  again  nhaken,  and  «o  on  until  the  volume  of  gas  does  not  diminitih  after 
a  freiih  shaking — that  ir,  until  fiaturation  euRUcs.  Obfiervationss  are  then  made  of  the 
tem|Jerutnre,  the  height  «f  the  rnercnrj-  in  the  interior  tnlte,  and  the  level  of  the  wat«r  in 
it,  and  alnn  of  the  level  of  the  mercury  and  water  in  tlie  exterior  tube.  All  theae  datu 
are  neceHsary  in  order  tfn  calculate  the  pressure  under  which  the  sohitinn  of  the  gaa  takes 
place,  and  wltat  volume  of  gaK  remains  iindi«Holv<Kl,  lUid  al«o  the  quantity  of  water  which 
sar\'»H  a^  the  solvent.  By  varying  the  temperature  of  the  hurroimuling  water,  theaniotint 
of  gaK  dihtiolved  at  varioufl  temperatureH  may  be  determined.  Buntieu,  Cariu^,  and 
mftny  others  determined  the  solution  of  varioins  gases  in  water,  alcohob  and  cerlaiii 
other  liquidK,  by  means  of  thin  apparatus.  If  in  a  determination  of  thij*  kind  it  iw  found 
tliat  n  cubic  centimetre*)  of  water  at  a  pressure  /*  disRolve  m  cubic  centimetre*,  of  a 
given  ga«,  measured  at  O'^  and  7fiO  mm*,  when  the  temperature  under  which  solution 
took  plihoe  wiui  i'^  luid  pressure  h  mix).«  then  it  follows  that  At  the  temperature  t  the 

co'ep-cient  of  90lithility  of  thr  (fat  hi  1  volume  of  the  liquid  will  be  equnl  to  '"  y 

n        h 

This  formula  is  very  clearly  underntood  from  the  fact  that  the  co-eflicient  of  solubility 

of  g»sea  is  that  quantity  measuied  at  0*^  and  7H0  mm,,  which  is  abjwirbed  at  a  pressun*^ 
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^obfitance  of  the  ejirtirs  surface,  jukI  uf  pJants  and  animals.  There 
is  so  much  water  on  the  earth's  surface,  that  were  the  surface  of  sub- 
stances formed  of  sohible  matters  it  would  constantly  change,  and 
however  substantial  their  forms  might  be,  miamtains,  river  banks  and 
sea  shores,  plants  and  animals,  or  the  habitations  and  coverings  of  men^ 
could  not  exist  for  any  length  of  tiine,^* 

<if  7fU)  mm.  by  otie  volume  of  a  lu|nid.     If  n  cubic  <»uiunetreB  of  water  abaorb  m  cubic 

«f»ttimetr«»,«  i>f  *  Kiifl>  then  one  cobit^  centini«^tru  abiwrbH  —  ,   II  —  c»c.  of  a  gii»  arn  ah* 

n  n 

mahvd  under  n  |treftfliu»  of  h   mm.,  then,   iic'cording   to  Uifl    law   of  the  Tanation  of 

RCktubiltiy  of  a  gas  wiib  the  {ircsHHnre^  there  would  ha  difttsolviMl,  under  a  (irt*iiiittr«  of 

700  ttrni.^  a  quotititj  varymg  in  the  same  ratio  to  —  bji  700  :   h.      Iti  determinlug  the 

n 

fVaidnttl  VOlmuie'  of  ga$  it^^  moiiHtture  (note  1)  must  ho  tAken  into  roiiHidemtion, 

Btknr  mre  given  the  nnmher  of  graam  of  Reveral  HtibHUun'ew  Hn^tumting  100  gram*  of 

wsler^— iblbt  ia,  their  eo-eMGieitifi  of  eolubtlity  by  weight  mt  three  diAeretit  temperature*  :^^ 


,  Oxygen,  Oj  »         ,         , 

Cafbonic  aiihydride^  COy  . 

*  Ammoniiif  N  H j  , 

,  PhcnoU  t\H^O  .         . 
X^i^uid*     Amjl  alcohol,  C-.H|,jO 

♦  Hulphuric  tw'id,  H,SO^ 

'Air,  .„  ,  \2HO    . 

Solidc    -  Anl  luun  HulY»hiitp,  Na^^SO.^ 

y  Nitre,  KNO;i       . 


At  (I* 


WOO 
4  9 
44 

4-5 
8.V7 


lUOO 

"t 

- 

61-8 

7-8 

5-2 

ao 

9*9 

— 

QO 

00 

* 

i 

1I5'4 

S57'5       1 

y« 

48 

»«0 

mi 

8r7 

046*0 

SomeHmes  a  robstanc*e  is  so  aligbtly  soluble  that  it  may  be  coiiHidereHl  as  infiolnble. 
Many  aodi  enhstanoea  are  m«i  with  both  in  Holtda  and  liquids,  ioid  such  a  gfts  as  uxygeo, 
aitkoilgjl  it  dcte*  disaolvv,  doei*  ho  in  tio  Rmall  a  profxjitiou  by  weight  that  it  might  be 
«oiUHd«red  as  lero  did  not  the  solubility  of  even  »o  little  ujiygtMi  i>lay  an  imporliuat  p^irt 
in  nrnX/om  (aa  in  the  reHpiniticm  of  fiahen)  *uifl  were  not  iUi  infiJuteHimal  quantity  of  &  gae 
by  wvtght  BO  eAuiJy  meaHunHl  by  volume.  The  »igii  OC,  w^iieh  hIiuuIh  on  a  line  with  sul- 
plntric  aicid  in  the  al>oYe  table,  indirateti  that  it  int4*nnixeH  with  water  in  all  proportion h. 
There  af>p  many  such  eases  among  liquids,  and  uveryb<jdy  knowM,  for  mstiuace,  that  spirit 
iabwdtite  alcohol)  can  be  mixed  in  tiny  proportion  with  water.  Common  com  spirit 
f  irodkj)  i«  A  mixture  of  about  fifty  parts  by  wei|^ht  of  pure  spirit  to  100  parta  by  weight 
of  water, 

*•  Jitat  AH  the  existence  mui*t  \te  admitted  of  Bubstftncen  which  are  completely  un- 
doeompoaable  (chemicHlly)  at  the  ordinar>'  temperature — for  lhi*re  are  substances  which 
ftf*  eattrdy  Qon^vohaile  tU  Huch  a  temperature  (as  wood  luid  gold),  although  capable  of 
^eeompoatng  (wood)  or  vohitiltiiing  (goldj  at  a  higher  temperatun?— 8*i  aliio  the  existence 
tnoct  be  aduntted  of  ttubtttauceii  which  are  ttitally  insoluble  in  water  without  some  degree 
«!  chani^  in  thtnr  totate.  Although  mareury  \v.  partially  voliitite  at  the  ordinary  tern- 
peniAure«  there  ia  no  reauon  t^>  tliink  that  it  and  other  metals  are  soluble  in  water,  alccthnl, 
cif  oUurr  atuular  hqmds.  However,  mercury  forms  ftfdutions,  as  it  diRBolveii  other  metals. 
On  the  other  hand,  there  are  many  subMtances  found  in  nature  which  are  so  very 
alighUy  »<r^>Inble  in  water,  that  in  ordinary  prat^tice  they  may  be  considered  as  insoluble 
^f<ir  euuiiple^  bariiun  sulphate  |.  For  tlie  comprehension  of  that  general  plan  according  to 
whicli  a  change  of  stale  of  aubfltanees  (combined  or  ditaolTed}  KiUdi  liquid,  or  gaAOOua) 


fO 
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Substances  which  are  easily  solaljle  in  water  beac  ii  certain  resem- 
blance to  it.  Thus  sugar  and  salt  in  many  of  their  superticia!  featui-es 
remind  one  of  ice,  Metals,  which  are  not  stOuble  in  watei',  have  no 
points  ill  common  witb  it^  wliilst  on  the  uther  hand  they  dissolve  each 
other  in  a  molten  Rtate»  forming  alloys,  just  as  oily  su Instances  dissolve 
each  other  ;  for  example,  tallow  is  soluble  in  petroleum  and  in  olive  oil, 
althuu^^^h  they  are  all  insoluble  in  water.  From  this  it  is  evident  that 
the  muilogy  of  tntftfttances  j'urming  a  so/ution  plays  an  impoHaut  part, 
and  as  aqueuus  and  all  other  solutions  are  liquids,  there  is  p>od  reason  to 
believe  that  in  the  pro^cess  of  solution  solid  and  giisei)us  substances 
change  in  a  physical  sense,  passing  into  a  liquid  state.  These  con- 
siderations elucidate  many  points  of  wtdution  -as,  for  instance,  tlie  vari- 
ation of  the  co-etlicient  of  solubility  with  the  temjierature  and  the  evo- 
lution or  absorption  of  heat  in  llie  foiniation  of  solutions. 

The  solubility — that  is,  th«^  quantity  of  a  sulistance  necessary  for 
saturaticni — rarie4  with  the  tempfrutur*'^  and,  further,  with  an  inci-eafi© 
in  tempeniture  the  solubOity  of  solid  substances  generally  increases,  and 
that  of  gases  decreases  ;  this  might  Iks  expected,  as  solid  substances  by 
heating,  and  gases  by  cooling,  approacU  to  a  liquid  or  dissolved  state/^'* 
A  <^aphic  method  is  often  employ e<^l  to  express  the  variation  of  solu- 
bility with  temperature.  On  the  axes  of  abscissie  or  on  a  horizontal 
line,  temperatures  are  marked  out  and  pei'pendicuiars  are  raised  corre- 
sponding witb  each  temperature,  whose  length  is  determined  by  the 
solubility  of  the  salt  at  that  temperature — expressing,  for  instance,  one 
part  by  weight  of  a  salt  in  100  parts  of  water  liy  one  unit  of  length, 
such  as  a  millimetre.  By  joining  the  summits  of  the  fierpendiculai-s, 
a  curve  is  obtained  which  exju^esses  the  degree  of  solubility  at  different 
temperatures.  For  solids,  the  curve  is  generally  an  ascending  one  — i.f., 
recedes  from  the  horizontal  line  with  the  rise  in  tempei-atnre.  These 
curves  clearly  show  by  their  inclination  the  degree  of  rapidity  of  increitse 
in  solubility  with  the  temperature.     Having  determined  several  points 


takeftplace^  ttia  very  Ltnpir>rttint  U^  nmlce  a  iliKLiiictkiii  ut  Huh  boundary  lioe  foil  Approach- 
ing lero  of  decompoailioii^  vialtitility,  r>r  Holubilily)  b^itweeti  an  iiiHi^Miiticiuit  nmotiiiL  mid 
xero,  but  the  prcHont  ivietbcMlH  of  reNearch  and  the  data  at  our  dinpoiitil  at  the  pr(»H«iit 
timn  do  not  yet  toudi  »\ich  tiueHtiouti,  It  mUHt  be  remarked,  bemdeK,  that  water  in  it 
ntitiiber  of  caiii«H  does  tiot  diattalve  anubstonce  aH  Huch,  but  act^  on  it  eheniicAlJy  and  forma 
a  soluble  §ubfitauce.  Tliuii  glaas  and  many  rocks,  eK[H^eJa11y  if  taken  aa  powder^  are^ 
ebamicully  changed  by  water^  hut  are  nut  direetty  t^luble  m  it. 

**  Beilby  nHHSt)  cje  peri  men  t«l  cm  paraffin,  aiid  fnund  that  one  enblo  decimetre  of  wobd 
paraffin  at  ^f^  weighed  87-1  gramn,  and  when  hquiid,  at  \iR  meltin^'-f toint  dH  \  788  grams,  at 
49^,776  frramu,  and  at  tiiV' ,  7li7  graniH,  from  wliic^h  the  weifjht  of  a  litre  of  liquefied  paraffin 
would  be  7S)5'4  ^riunu  at  21  if  it  could  remain  liquid  at  that  teiiiperature.  By  dissolving 
Rolid  ijaraflin  in  kihrieating  oil  at  21'  Boilby  fcmnd  that  71)5  fi  gramn  rx'cupy  one  cubic 
di}ciEiietr(«f  frum  wbicli  Iw  concluded  that  the  Holution  cutitained  lique^ed  (wraffiii. 
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nf  a  curve— that  is,  having  made  a  det^niuiiation  of  the  solybility  for 
several  temperatures — the  solubility  at  iiitennediary  teiuperatures  may 
be  cleterniined  from  the  smucfsity  nnd  form  of  the  curve  so  formed  ;  in 
this  way  theempincal  law  of  solubility  may  Ije  followed/^*  The  re>sults  of 
research  have  showu  that  the  solubility  of  certain  salts — an,  fur  example^ 
common  table  salt— varies  com|Miratively  little  with  the  tempeniture  ; 
whilst  for  other  substances  thesr^lubility  increa.ses  by  equal  amautits  for 
e^ital  iDCi'ements  of  tempemture.  So,  for  example,  for  the  saturation  of 

'•  Ctuit-Liikmic  w««  th«?  first  to  have  recourse  to  ftucli  a  graphic  method  of  Pirpre9*ing 
•olabihty,  Mnd  h«*  consultrrcdf  iii  aeectrdAnee  with  the  genenil  opinion,  iU*t  hj  joiniiig  up 
tho  miiiniit&  of  tin*  nrt)iu<iit«r»  in  one  honnouiouii  carve  it  Ia  po^^^ible  to  erpreftc»  the  entire 
ehftiig«  of  feolubihty  I'Vltli  the  tempeniture.  Kow,  there  are  many  re.A«onti  lor  doubting 
ih0  accurBcj  ot  ^tdi  A^n  admission,  for  there  undoubtedly'  are  critical  points  in  curves  of 
«olllbilitj  ffor  cxajupie,  of  fiodium  sulphate,  ti^  idiown  further  on),  and  it  nu}' be  thai 
•  •f  disiHoUed  Hnb«tiinc'e4  with  water^  in  deeoniiM>fiiing  within  known 
1'^.  give  critical  |;>oiiit«  more  often  tlian  would  be  imagined;  it  msy 
Tiiin  iit«le4kd  of  a  continunuK  cur\'e,  solability  ■shonld  be  exjire-ased — if 
II  not  nnfri'*)iiently— by  stnught  nr  broken  lines-  According  to  Ditte,  th« 
Nlium  nitrAte»  NaXOj,  in  expressed  by  the  foUowiug  figures  per  100  ports  of 


fUsfiailo 

timiu  of 


a*  4*  HP  15^^  21=  2S>^  m^  51°  68- 

fl«*7         71*0        7B»         80-6         857         l«a«         W>l  IBG         1351 

ABDording  to  my  opmion  (18811,  these  d&ta  tliould  be  expr^^ned  with  exa<!titude  by  a 
ilimighl  line,  07*5  ♦  t»'H7^,  which  entirely  ogreeft  vriih  the  rwuH^  of  ejcperiiueut.  Atscord- 
mg  %o  ihifi  thf*  figure  expre^ning  the  solobiltty  of  the  salt  al  0'  exactly  coincideB  with 
Ibe  compoutiou  of  ti  detintta  chemical  compound — NaN02^7H.jO.  The  experiments 
bj  Ditte  showed  tliat  all  saturated  solutions  between  0-  and  — 15'7^  have  »nch  ft 
D,aud  that  at  the  latter  temperature  the  (solution  completedy  iiolidiiiea  into  one 
ItomofpeiMKms  whole.  Ditte  (ihows,  in  the  ftrnt  place,  that  the  solubihty  of  liodium  nitrate 
lA  expreaaed  by  a  broken  straight  line,  and^  in  the  Keooucl  place,  confirms  the  idea, 
wtkich  I  had  already  traced^  that  in  Holutionn  we  have  definite  chemical  compounds  in  a 
>  of  dissociation,  in  recent  timeH  (IH^)  Etard  diKOovered  a  similar  phenomenon  in 
r  of  the  sulphates.  Bnindes,  in  1B50,  shows  a  diminution  in  sotubQity  below  1(X>^ 
for  Bkangane«e  tulphate.  The  percentage  by  weight  ( r>.,  {wr  100  parts  of  the  solution,  and 
not  of  water t  of  Mituration  for  ferrous  iulphate,  FeSO|, from -2^  to  -t- 65  =  13-5  -^ 0*871*4/— 
th«t  is,  the  faolubility  of  the  salt  increasea  The  solubihty  remains  confttont  from  65-  to 
HBP  f according  to  Brondes  the  solubility  then  tncreoaes;  this  divergence  of  opinion 
r»lllifea  proof  I,  and  from  m^  to  150^  it  (alls  as  =  104*35 -O^filiHS/.  Hence,  at  about 
'f'  154P  the  fiolttbility  should  -0,  and  this  has  been  confirmed  by  experiment.  I  observe, 
ott  tny  side,  that  £tard'«  fonoala  gives  381  p^.  of  salt  at  It5^  and  38'8  p.c.  at  ^i^,and  tliis 
fnaxtmittii  amount  of  $»alt  in  the  solution  very  nearly  corresponds  with  the  composition 
FeSO^JiH^O,  which  npquirefi  37'G  p.c.  Ttmii,  in  tliis  caae,  as  in  that  of  solium  nitrate, 
tibe  formation  of  a  definite  solution  may  be  presappo^ed.  From  what  haa  been  said,  it  ta 
wtident  thai  the  data  concerning  solubility  require  a  new  method  of  investigation,  which, 
111  IImi  fint  place,  !«honId  have  in  view  the  entire  stcale  of  »otubihty— from  the  formation 
of  OOlBplelf^ly  solidified  gluttons  (cr)  ohydrate«^  which  we  shall  speak  of  presently)  to  the 
t&^tn^Hion  of  saltR  from  tlietr  tolutious,  tf  thi«^  is  accomplished  at  a  h%her  tempCTatore 
(lor  nwncanfflw  and  cadnnum  sulphates  there  ia  an  entire  separation,  according  t<^i  Etard), 
m  lo  tl»  fofmation  of  s  constant  ftctlubility  I  for  pota^iaiium  riulphate  the  solubility,  accord- 
im^  to  Elard,  remains  constant  from  lt>i!t^  to  '2^1''  and  ec|UHU  21  *J  p.c.) ;  and,  in  the  socoad 
l^ace,  aboold  endeavour  to  apply  the  conception  of  definite  compounds  existing  tn  sola* 
ikma  lo  eoostant  and  critical  solution r,  corresponding  with  a  maximum  of  solabililj  or 
of  iU  limila*    From  lhe«e  avpects  ^lution  should  proaeni  a  new  and  particular  interest. 
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100  parts  of  water  by  pfit^ssium  chloride  there  is  required  at  0^,  29'2 
parts,  at  20*^,  Uu,  at  40^,  40-2,  at  60°,  45-7  ;  and  so  on,  for  every  10** 
the  siolubility  incre^isas  by  2'75  parts  by  wei^^ht  of  the  salt.  Therefore 
the  solybility  of  potJissiuni  chloride  in  wat^r  may  lie  expressed  by  a 
direct  equation  :  a^ 29*2 +  0*2751,  whei^ea  representij  the  solubility  at /". 
For  other  saltK,  more  coiuplicated  efjuatioiis  are  required.  For  exauiple, 
for  nitre:  a— 13^3-l-0'rN-y  +  O-O17l7;^-f  0*0000036/^  which  shows 
that  when  /^O'^  a=13'3,  when  #=10^  a=20-8,  and  when  ^=100'=' 
a=24()0. 

Curves  of  solubility  give  the  means  of  judging  with  accuracy  the 
anumni  of  a  Hfdt  separated  by  the  cooling  to  a  known  extent  of  a 
solution  saturat'txl  at  a  given  temperature.  For  instance,  if  200  parts 
of  a  solution  of  potassium  chloride  in  water  saturated  at  a  temperature 
of  60®  be  taken,  and  it  be  asked  how  much  of  the  salt  will  be  sepirated 
by  cooling  the  solution  to  0^,  if  its  solubility  at  60°  =  45-7  and  at 
0°^29-2  ?  The  answer  is  obtained  in  the  following  manner  :  At  60°  a 
saturated  solution  contains  45*7  parts  of  potassium  chloride  per  100 
parts  by  weight  of  water,  conseijuently  1 45*7  parts  by  weigia  *  »f  the 
solution  contains  457  parts,  ur,  by  proportion,  200  parts  by  weight  of 
the  solution  contains  62'7  parts  of  the  salt.  The  amount  of  salt 
remaining  in  solution  at  0''  is  calculated  as  follows  :  In  200  grams 
taken  there  willhe  137  3  grams  of  water  ;  consetiuently,  tiiis  amount  of 
water  is  capable  ui  holding  cmly  40"  1  gi-anis  of  the  salt,  and  therefore 
in  lott^ering  the  temperature  from  GO''  to  0^  there  aliould  separate  from 
the  solutiim  62'7  — 40*1^226  grams  of  the  dLssi>lved  salt. 

The  dirterence  in  the  solubility  of  salts^  ttc^  with  a  rise  or  fall  of 
temperature  is  often  taken  advantiige  of,  especially  in  technical 
work,  for  the  separation  of  salts  in  intermixture  from  each  other* 
Thus  a  mixture  of  potassium  and  sodium  chlorides  (this  mixture  is  met 
wHth  in  nature  at  Stassfurt)  is  separated  ironi  a  saturated  solution  by 
subjecting  it  alternately  to  l>oiling  (evaporation)  and  ccK)ling.  The 
sodium  chloride  separates  out  in  proportion  to  the  amount  of  water 
expelled  from  the  stJution  by  boiling,  ami  is  remo\eil,  whilst  the 
potassium  chloride  separates  out  on  cooling,  as  the  sitlubility  of  this 
salt  rapidly  decreases  with  a  lowering  in  temperature.  Nitre,  sugar,  and 
many  other  soluble  substances  are  puiiiied  (refine<l)  in  a  similar 
uianner. 

Although  in  the  majority  of  cases  the  solubility  of  solids  increases 
with  the  temperature,  yet  just  as  t!iere  are  substances  whose  volume 
diminishes  with  a  rise  in  temperature  (for  example,  waiter  from  0°  to 
4''),  so  there  are  not  a  few  solid  substances  whose  solubilities  fall  on 
heating*     Glauber  s  salt,  or  sodium  sulphate,  hist^irically  forms  a  jmrticu- 
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larly  instructive  example  of  the  case  in  question.  If  this  salt  he  taken 
in  an  ignited  state  (deprived  of  its  water  of  crystallisation),  then  its 
solubility  in  100  part^  of  water  varies  with  tlie  teinpemture  in  the 
following  manner  :  at  0°,  5  pnrts  of  the  salt  form  a  saturatt-d  solution  ; 
at  20°,  20  parts  of  the  salt,  at  33°  more  than  50  parts.  As  will  be 
aeen*  the  solubility  increases  with  the  temperature,  as  is  the  case 
with  nearly  all  salts  ;  but  starting  from  33^  it  suddenly  dimiuishes, 
and  at  a  temperature  of  40^,  there  dissolves  less  than  50  parts  of 
the  salt,  at  60^  only  45  parts  of  the  salt,  and  at  100'  jiljout  43 
parts  of  the  salt  in  100  parts  of  water*  This  phenomenon  may  be 
traced  to  the  following  facts  :  Firstly,  that  this  ?alt  forms  various 
compounds^  with  wat^r,  as  will  be  afterwards  exphiined  ;  secondly, 
that  at  33"^  the  compound  NajBO^  +  lOHjO  formed  from  the  solu- 
tion at  lower  tempenitures,  melts  ;  and  thirdly,  that  on  evaporation 
at  a  temperature  above  33"  there  separates  out  an  anhydrous  salt, 
Na^SOi.  It  will  be  seen  from  this  example  how  complicated  such  a 
aeenungly  simple  phenomenon  as  solution  really  is  ;  and  all  data  con- 
cerning solutions  leail  to  the  same  conclusion.  This  con iplexity  becomes 
evident  in  investigating  the  heat  of  »olniion.  If  solution  consisted  of 
a  physical  change  only,  then  in  the  soUition  of  gases  there  would  be 
evolved—and  in  the  solution  of  soHiIs,  thert?  WL»ukl  be  absorbed^ — so 
much  heftt  as  answers  to  the  change  of  state  ;  but  in  reality  a  large 
amount  of  heat  is  always  evolved  in  solution,  depending  on  the  fact 
that  in  the  process  of  solution  there  is  accomplished  an  act  of  chemical 
combination,  accompanied  by  an  evolution  of  heat.  Seventeen  gnims  of 
anunonia  (this  weight  corresponds  with  its  formula  NH^),  in  passing 
from  a  gaseous  into  a  liquid  state,  evolve  4,400  units  of  heat  (latent 
heat)  ;  that  is,  the  quantity  of  heat  necessary  to  raise  the  temperature 
of  4,400  gi-ams  of  water  1'.  The  same  i|uantity  of  ammonia,  in  dissolv- 
ing in  an  excess  of  water,  evolves  twice  as  much  heat — namely  8,800 
units — showing  that  the  combination  with  w^ater  is  accompariiefl  by  the 
evolution  of  4,400  units  ni  heat.  Further,  the  chief  part  ^»f  this  heat 
is  separated  in  dissolving  in  small  quantities  of  water,  so  that  17  grams 
of  ammonia,  in  dis.s*>lving  in  18  giums  of  water  (tins  w^eight  corre- 
sponds with  its  composition  H,/>),  evolve  7^^)35  units  of  heat,  and  there- 
fore the  formation  of  the  solution  NHg  +  H^O  evolves  3,135  units  of 
beat  beyond  that  due  to  the  change  of  state.  As  in  the  soUition  of 
gases,  the  heat  of  liquefaction  (of  physical  change  of  state)  and  of  chemi- 
cal combination  with  water  are  both  ptisitive  (  +  ),  therefoi-e  in  the 
/tointwn  v/gasfis  in  water  a  hmt  effect  is  always  observed.  This  pheno- 
menon is  different  in  the  solution  of  solid  subsUinces,  be  cause  their 
passage  from  a  soli<l  to  a  liquid  state  is  accompanied  by  an  ab*^orption 
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fvl:  heat  (nejLrative,  —  beat),  whilst  their  chemical  combination  with  water 
is  accompiinied  by  an  evolution  of  heat  ( -h  heat)  ;  consequently^  their 
sum  may  either  l>e  a  eot>ling  etieet^  when  the  positive  (chemical)  jxirtion 
of  beat  is  less  tlian  the  negative  (physical),  or  it  may  be,  on  the 
contrary,  a  heating  effect.  This  is  actually  the  cast?.  124  grams  of 
sodium  thitisulphate  (employed  in  photography)  Na2S203,r)HjO  in 
melting  (at  18°)  absorbs  9,700  units  of  beat,  but  in  dissolving  in  a  large 
fjuantity  of  water  at  the  oi'dinary  teniperatare  it  alisurbs  Ti^TOO  units  of 
heat,  which  shows  the  evolution  of  beat  (about  +  4,000  units),  not- 
withstanding the  cooling  effect  observed  in  the  process  of  solution,  in 
the  act  of  the  chemical  coml>i nation  of  the  salt  with  water/^''     But  in 


'^  The  Uiteut  hmX  of  fusion  i»  clebermiiied  at  the  i«mp»ratare  of  fusion,  wliilMt  Bolution 
tnken  place  ivt  the  ryrdiimry  ttsmperuture,  titid  oue  must  think  that  tit  this  tempernture 
the  liikieiit  heal  Wimld  he  different,  juBt  ah  the  hitont  htint  of  evtipoiatioii  varies  with  the 
tennM?ratur«iHee  note  11,  p,  o'l).  Besidvti  whit'h,  in  solutinn  there  oceum  a  disuiiioii  (dis- 
integrations  of  tht*  ]irtrtielea  of  botli  the  tuilvent  and  the  »juhHtaiK'«  di^milved,  whieh  in  iti» 
uiec-hanical  ab|wt;t  restimblett  evaporation,  and  wbkh  therefore  must  consume  much 
heat.  The  h**iit  emitted  during  ihe  Holiition  of  a  nolid  niMsit  hv  thtsrefore  ttinaidened 
(PerAonue)  fui  eonipo&ed  of  three  factorHi — {i)  positive,  the  efffc^  of  combiiiatioti ;  {"If 
negAtive,  the  efTect  of  trati«fert»iit:e  into  a  liquid  8tiite  ;  and  (d\  negative,  the  effect  of  di*- 
integration,  lu  the  solution  of  a  liquid  by  a  Hquid  the  neeond  factor  i«  removed;  and 
therefore  if  the  heut  evolved  in  conihination  in  greater  than  that  absorbed  in  dlHititegra- 
tion  a  beating  effeui  i>*  observed,  and  in  tb<^  rever«u  ea»«  a  cwding  e(Tet:t ;  and,  indeed^ 
solp'huric  acid,  alcoliol,  and  many  liqnidn  evolve  bi*at  in  dinsolviiig  in  earb  other»  liut  the 
fioltitioi]  of  tjhloroforni  in  carbon  bisulidiide  (BuHHy  and  Binget),  ur  of  phenol  jor  aniline) 
in  water  ( Alexeeffli,  prtMluces  cokL  In  the  solution  of  a  small  qnantity  of  water  in  acetic 
ftCid  (Abadiefff.  or  Jiydroeyanic  acid  (BuKwy  and  Binget),  or  aniyl  akithol  ( Alexe'efl),  cold 
IB  produced,  whiht  in  the  ekilution  of  thene  substaniert  in  an  exceas  of  water  heat  ift 
ovolTed. 

The  fulle^tt  infomiatiou  {.'oiiceming  the  Hiolution  of  liquidbt  in  liiptidH  huu  be«D 
g&thered  by  W.  T,  A-lextlefT  (1H8*1— ItMHBj,  still  thefte  datii  are  far  from  being  Hufticient  to 
r«8olve  the  mimn  of  problems  re»j>ecting  this  Hul>ject,  He  hhowetl  that  two  liqutdK  which 
ditstdvti  in  each  otber,  iiitennix  togetlier  in  all  prop4jrtionH  at  a  fertaiii  teniperaturt*. 
Thus  the  Hoiubility  i*f  phenol,  C^H^jO,  in  water,  ami  the  converiw,  iH  limited  up  t*> 
Hi'',  whilst  above  thia  teiii|>erature  they  intermix  in  all  proportions.  This  iti  tveen 
from  the  following  ligurea,  where  p  is  the  j^reeutage  amount  of  phenol  and  t  the 
temperHture  at  which  tlie  solution  becomen  cloudy — that  ia^  that  at  which  it  i&  aatu- 
rftted  :— 


IS.'ll         2015         'iH5r»         at!  TO         4MM(j         tills         71-97 
W  117'  67^  67^  t»^^^  58*^  30^ 

It  is  exactly  the  same  in  the  Holution  of  benzene,  aniline^  and  other  aubfttanees  in 
molten  sulphur.  Alexi^ef!  diBcovorod  a  nimilar  complete  intermixture  for  Holutione  of 
secondary  butyl  aktihol  in  water  at  about  107  ",  at  lower  temperaturew  the  solubility  is 
not  only  limited,  but  between  50''  and  70^  it  it*  at  itt*  minimum^  both  for  golution^  of  the 
alcohol  in  water  and  for  water  in  the  alcohol;  and  at  a  temperature  of  5-'  Ix^tli  snlutionA 
exhdi'it  a  fre^h  change  tn  their  e^cale  of  i^oluhility^  nn  that  a  tujlntion  of  the  alcohol  in 
water  which  is  Ottlitrated  between  5  and  4lF  will  become  f  loudy  when  heated  to  00°* 
In  the  BoJution  of  tiquidn  in  liqiiidH.  AlexceflE  obtjerved  a  lowering  in  tenqH?rature  (an 
abaorptioii  of  heat)  and  an  ahtience  of  change  in  K[>e(3ific  heat  iciUcnlaUHl  for  the  mixture) 
much  more  frequently  than  had  lrt?en  done  by  previuUR  obs*»rver«.     A»  regajd»  hiH  aMr- 
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WQ&i  ciises  soLifl  sul*stauces  in  <lLssolviiig  iii  water  evolve  heat,  nutwith- 
atl^ndiug  the  passiige  into  a  lk|Lud  state,  which  iuclicates  so  eonsiilerable 
au  evolution  of  <  -h)  heat  in  tho  act  of  cumhination  with  water  that  it 
exceeds  the  abs»»rption  of  (  —  )  heat  dependent  on  the  passage  into  a 
liquid  st-ate*  Thus,  for  instance,  calcium  chloride^  CaCl ,,  mugjiesium 
sulphate,  Mg^O^,  and  many  other  salts  in  dissolving  evolve  heat ;  for 
example,  130  grains  of  magnesium  sulphate  evolves  about  IO»0UQ  units 
of  heat.  Therefore,  in  the  mlution  n/  ttofiff  bmiies  there  is  produced 
either  a  co<jling  ^^  or  a  heating  *^  eftet't,  acconling  to  thi*  diJierence  of 
the  reacting  affinities.  When  they  are  considerable — that  is^  wht^n 
water  is  w^ith  difficulty  separn-ted  from  the  resultant  solution,  and  only 
with  a  rise  of  temperature  (such  substances  absorb  water)^ — then 
much  heat  is  evolved  in  the  process  of  solutiurj,  just  a.s  in  many 
reactions  of  direct  combination,  and  therefore  a  considerable  heating  of 
the  £olutioa  h  ol»servecl.      Of  such  a  kind,  for  instance,  is  the  solution 


I  (tn  the  senile  of  a  mechiuiical  luid  not  a  chemicAl  ri7prtHM»nt«tiou  of  solutioiib)  iliat 
«tttM>tiui<?e«  in  «oltition^  pmjierve  their  phyhiea]  iitates  (»»  ga^»^  liquids,  or  dolidii;,  it  is 
i«7  douhifal,  tor  it  would  ti?cetiHJtatt*  iidmltting  the  prcsMnioe  of  ice  in  wat«r  or  its 
t*j><>ar*  Hi*  theory  atarlB  f^om  an  uiiBUppirted  liyxxilhewii*^ — which  iti,  lu">wever,  held  by 
ItMiny — ihttt  Iht^  tiiaw-s  (weiglittif  of  tlit  moleciil«.'i>  of  one  niid  the  Mjiuue  Hubt^tiiuce  are  verj' 
dill»r«ttii  ill  different  physical  utateH.  At  present  the  weight  of  gai^oui^  mohrt^iilps  ik 
detanaitked  from  the  freezing  of  Holations  (nve.  ]at<>rK  anl  thereForu  it  tutisit  ttilher  be 
admilled  thAt  i*ultition«(  coutaiu  gaitenuM  tuolocul&s  or  el^e  that  the  weight  uf  liijuid 
molacflltti  is  Ike  Bumtf  »h  that  of  ga«eoQ§  molecttle«it  W'hich  i»  far  simpler  and  more 
probiable. 

Fn)m  what  has  lieen  «aid  itbove,  it  will  be  dear  th^it  even  in  ao  very  simplo  a  ca»«  att 
Boluiion,  it  lit  imp<ie»Kible  to  cak-ulate  the  heat  emitted  by  eheniica&l  action  alone,  ivltd  tliAt 
iliM  chemical  jtrrtcetiH  cannnt  W  s^eparatetl  frtnn  the  physical  and  lueclmiiicaL 

•*  The  conhnjj;  ♦•ffect  prtKlneed  in  llie  Mjhition  of  Molidtt  (and  hIko  in  the  expunMian  of 
gBMis  atid  in  evaporalioni  i*  applied  to  the  jtrotinttiuit  of  low  trinperaturrtt.  Ammo- 
oiam  nitrate  im  v^ry  i»fti*n  Used  for  this  purpose ;  in  di»solring  in  water  it  absorbH  77 
units  of  heat  |ier  each  pari  by  weight.  On  evajioratin^  the  solution  thus  fonncKi,  the 
idohd  Bait  in  re-obtiutieil.  The  «tppheatioii  of  the  v ariouH /rrr*riH^  mixtttm  in  ba«ed  on 
the  aame  principle.  Hnow  or  broken  ice  fre^iuently  enters  hito  the  iX)nipt>Rition  of  tliese 
wi^tuT^i^  advanUg^*  lieiiig  taken  of  itn  latent  htNi^t  of  fuHJon  in  order  to  obtain  the 
lowest  po*iHible  t^'niijerature  i  without  altering  tb*:^  pressure  orenipluying  heat,  as  in  other 
melboda  of  obtaining  a  low  teinj>emture).  Fur  laboratory  work  reconr>Mi  in  mo4t  often 
had  tt»  A  miittnre  of  three  ^mrtii  of  snow  and  one  jittrt  of  conimtm  nalt,  which  caUHCN  the 
lentfierature  to  fall  from  0-  to  -  31^ C.  Potaps^iuoi  thiocyanate,  KCNS,  mixed  with  water 
(i  by  weijitht  td  the  *irtk)  gives  a  i*till  luwer  tc  ini>eratnre.  By  mixing  ten  purtfl  of  crystiJ* 
line  calcium  thloride,  CaClj,^!!.!©,  witli  neven  ]mrLii  of  water,  the  temperature  may  even 
i«tl  from  0^  to  -  5S^. 

^  The  Heat  which  m  evolired  in  eolutiont  or  even  ii.  the  dilution  of  anlutions,  ia  ihlao 
aoroeiune^  made  use  of  in  prft<_"tice*  TIiuh  cau^tie  Hoda  jNaHO),  in  dia«*olving  or  on  the 
addiljon  of  water  to  a  Htrtm)*  Midution  of  it,  evolvet*  so  much  bent  that  it  can  replace  fuel. 
In  a  Kieam  liotler,  which  ha*  l>e**n  previously  hemted  tn  the  boiling  point,  another  boiler 
U  placed  inntaining  caustic  «<xla,  and  the  exhunst  ttteam  ik  made  to  paH«  through  the 
llklber;  the  formation  of  bteam  then  goew  on  for  a  aomuwhat  long  peri*jd  of  time  without 
Any  other  heating.     Norton  niake^  u^e  of  thlH  for  Rmokeleaa  Ktre«*t  boilerti. 
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of  sulphuric  cacid  (oil  af  vitrol  Hj804)|  and  nf  eau-^tic  swk  (NaHO), 
<kc.,  in  water*^'* 

Solution  exhibits  a  reverse  reaction  ;  that  is  to  gay,  if  the  water  lie 
expel le<l  from  a  solution,  the  substance  originally  taken  is  re- obtained. 
But  it  must  be  borne  in  mind  that  the  expulsion  of  the  water  taken  for 
solution  is  not  accomplished  with  equal  facility  throughout,  because 
water  Im.s  different  degrees  of  chemical  affinity  for  the  subst^iuce  dis- 
solved. ThuB^  if  a  solution  of  sulphuric  acid,  which  mixes  with  water 
in  all  proportions,  be  iieated,  it  will  be  found  that  verj  different 
degrees  of  lieat  are  required  to  expel  the  water.     When  it  is  in  a  large 


**  The  tempemtureH  obtiiitieil  by  mixing  moiicibydrAtod  ftulpluirir  mnd,  H.^SO^^  with 
different  quiintitit3n  of  wtiti?r,  lire  nhowri  on  th«  InweMt  euive  in  fig.  17,  the  relfttive  pro- 
portionn  of  both  p4uh>«iatiuefi  btfing  tixpresst^d  in  pfrcehtii^r^^H  hy  weight  along  the  hori- 


Jb/!,       ,  J0% 


~19%~ 


^^ij^^fm^^- 


Y\i^,  17.    Cur\t»ciii|-rt^siiiiff  Ww  rnjui  nutiuij,,  <,|Uikihtity  \\\  heat,  uml  x\^^  t.;   ;.  .j.,,^^  iftuift-  pnxtooett  hy 
inijcing  irtdphuric  aciil  vdtli  uuNr.    reri'cntagi?  »f  H,SO»  iji  giTCii  along  the axJ» of  aTiwi: 


eontaJ  axig.  The  greatefft  n«<e  of  temperature  is  140'^.  It  oorreBponds  ivith  tlte  greatest 
©volution  of  heat  (given  on  th«^  uiicldle  cnne)  eorreBpHiinding  with  a  definite  volume 
{\m  c.  t\|  i>f  the  Brtlulion  prmluccd,  Thu  top  earve  itxprefeH^-s  the  degree  of  contr»«tioi], 
whit'h  lilfto  correHpondn  with  li)0  volornt^n  of  the  solntinn  firodueed.  The  greatest  eon- 
traction,  AH  nlwi  th*"  ^eat«!»t  rise  of  t*?mp*!nitiir<?,  conreHpondw  with  the  foriimtion  of  a 
Iribydriite,  H.jSO^.aHgO  (  =  TBI  px.  H.J8O4),  which  ver>'  likely  Tf'peulB  itfielf  in  a  similAr 
form*iii  other  sohitionn^  iLlthough  all  the  phenoui en al of  contraction,  evoUitioTiof  heat,  and 
rise  of  t*'mj»c«rtitiirel  are  very  complex  and  are  de[>endent  on  many  inrcmmHti^neeft.  One 
would  think,  howevi+r,,  judging  fnim  the  ahove  exatnpleH^  that  all  other  influenceH  are 
fecrbler  in  their  action  than  chemical  attraction,  egpecltvlly  when  it  ta  no  considerable  aa 
between  aQlpharic  ftcid  and  water. 
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eiccess,  water  alreiidy  begins  to  come  oft'  at  a  temperature  sliglitl^* 
aliove  100^,  but  if  it  be  in  but  a  sruall  piTjportion  there  is  such  a 
relation  between  it  and  the  sulphuric  acid  that  at  120^,  lf)0°»  200°,  and 
even  at  300',  water  is  still  held  by  the  sulplmric  acid.  The  liond 
between  the  remaining  quantity  of  water  and  the  sulphuric  aoid  is 
evidently  stronger  than  the  )x»nd  between  the  sulphunc  acid  and  the 
excess  of  water*  The  force  acting  in  solutions  h  con^sei^uently  of 
diflerent  intensity,  starting  from  so  feeble  an  attraction  that  the  proper- 
ties of  w^ater — as,  for  instance^  its  powrer  of  evaporation— are  Imt  very 
little  changed,  and  ending  with  eases  of  strong  attraction  between  the 
water  and  the  substrince  dissolved  in  or  chemically  conjbined  with  it.  In 
coosideration  of  the  very  imjioi'tant  sign  iti  cat  ion  of  the  phenomena,  and 
of  tlie  cases  of  the  breaking  up  of  solutions  with  sepanition  of  wat^r 
or  of  the  substance  dissolved  from  them,  we  sha!l  farther  discuss  them 
separately,  after  having  acquainte* I  ourselves  with  certain  peculiarities 
of  the  solution  of  gases  and  of  solid  bodies. 

The  solubility  of  gases,  which  is  usually  measured  by  the  volume 
cf  ga«^  (at  0^  and  760  mm.  pressure)  per  100  volumes  of  water»  varies 
not  only  with  tlje  nature  of  the  gas  (and  also  of  the  solvent),  and 
with  the  temperature,  but  also  witli  tl»e  pressure,  because  gases  them- 
selves change  their  volumes  considerably  with  the  pressure.  As  iiiight 
beexpectedy  (1 )  gases  which  ai*e  easily  iiqueHed  (by  pressure  and  cold)  are 
more  soluble  than  those  wliich  are  liquetied  with  ditlicuky.  Thus,  in 
KK)  \olumes  of  water  there  dissolve  at  0^  and  7G0  mm.  only  two  volumes 
of  hydrogen,  three  volymes  of  carbonic  oxide,  four  volumes  of  oxygen, 
dr^^t  for  these  are  gases  which  are  liquetied   with    difficulty  ;   whilst 

***  If  A  Tolame  oi  go*  v  he  ineimiii*e<:l  uuder  a  premtiure  ol  h  mm.  of  mercury  fttt  U  \ 

%ud  at  *  temperiiture  f'  Centifirrttdi?,  tli*?n,  fttLorcliri^'  in  tlie  Uwh  of  Bnyle,  3frarinttc%  utkI 

of  G*)'-LliftMbc  <xpmbiiied|  itK  voluiiie  at  0'  uiul  TfVU  utm.  will  LH)iial  i\w  prmliict  of  r  into 

700  divided  by  tlie  prrxluct  of  h  into  1  -4-  at-',  wliera  a  is  tlio  eu  efficient  of  (>xp&nf<.ion  of 

gAiieftt  whicb  is  equal  to  ti' 00367.     The  weight  ot  the  gaa  will  be  LUpiiLl  to  itn  volume  at 

O^  »nd7(iCI  mm,  multiplied  by  tU  deiiHity  referred  to  air  mid  by  the  weight  of  one  vohime 

of  jiir  lit  0"  and  701)  mm.     The  weight  of  one  litre  of  air  under  thene  couditiouti  beiug  = 

t'fl&S  gnwuK,      If  the  dennity  of  the  gaa  be  g^iven  in  relation  to  hydrogen  thiii  muHl  be 

dfrided  by  14*4  to  bring  it  iu  rehition  to  iiir.     If  the  gan  he  me-HHured  when  Haturnted 

witb  nqueous  vapour,  theu  it  muut  be  reduced  to  the  volume  and  weight  of  the  giis  wheti 

dfjf,  According  to  the   rule*  given    iu    Note    1.      If  the  pre«8ure  M  (leteriuiued  by  p 

ctAmnxi  of  mercury  having  a  temperature  f,  then  by  dividing  the  height  of  the  column  by 

I  ^0*00018/  the  corresptmding  height  at  tT^  in  obtained.     If  the  gai*  he  eticloaed  iu  a 

tube  til  which  a  liquid  Htaudft  abo%'e  the  level  of  the  mercury^  the  height  of  the  column 

of  the  hquid  being- H  and  itst  density  =D«  Uien  tlie  ga»  will  be  nmler  a  preHHure  whicli 

HD 
it  (M^aal  to  the  barometric  preftsure  less  ,  where  18'51)  ia  the  density  of  mercury.    By 

tii«»e  methods  the  quautihj  of  a.  gas  in  deterniinedt  and  ita  obnerved  vohime  rmlueed  to 
fldffiiiAl  eonditionii  or  t<i  parta  by  weight.  The  phyairal  data  concerning  vapourK  ouid 
iCAcet  ttaoA  be  cotitinually  kept  iti  siglit  iu  dealing  with  and  measuring  gaiiefi.  The  student 
mtitl  becDni«  petfectly  familiar  with  the  calcalationa  relating  to  gusea. 
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there  dissolve  180  ^olunles  ot'  ciirboiiie  an  hydride,  1  :'»0  of  nitrous  oxide» 
and  437  of  sulphurous  anhydride,  for  these  are  gases  which  ai'e  rather 
<*3i8ily  liquefied.  {2}  The  solubility  of  a  gas  is  diminished  Viy  heating, 
which  is  easy  to  understand  from  what  has  been  siiid  previously — that 
the  elasticity  of  a  ^as  becomes  greater  as  it  is  further  removefl  from  a 
liquid  state.  Thus  100  volumes  of  water  at  0"  rlL^soIve  2  5  voluiiies  of 
air,  and  at  *20^  only  1'7  volumes.  For  this  reason  cold  water,  when 
brought  into  a  warm  room,  parts  with  a  portion  of  the  gas  dissolved  in 
it/^'^  (3)  Tlie  quantity  of  the  gas  dissolved  varies  directly  with  the  pres- 
sure. This  rule  is  called  the  htfr  of  Hfnry  and  Dalian^  and  is  applicable 
to  those  gases  which  are  little  soluble  in  water*  Therefore  a  gas  is 
separated  ham  its  solution  in  water  in  a  vacuum,  and  water  saturated 
with  a  gas  under  great  pressure  parts  with  it  if  the  pressure  be  dimi- 
nishecl.  Thus  many  mineral  springs  are  saturated  underground  with 
carbonic  anhydiide  undei^  the  great  pressure  of  the  colmiin  of  water 
above  thetii.  On  coming  to  the  surface,  the  water  of  these  springs 
boils  and  foams  in  giving  up  the  excess  of  dissolved  gas.  8parkling 
wines  and  aerated  waters  are  saturated  under  pressure  with  the  same 
gas.  They  hohi  the  gas  so  long  as  they  are  in  a  well-corkerl  vessel. 
When  the  cork  is  removed  and  the  liquid  comes  in  contact  with  air  at 
a  less  pressure^  part  of  the  gas,  unable  to  remain  in  solution  at  a  lesser 
pressure,  is  separated  as  foam  with  the  hissing  sound  familiar  to  all. 
It  must  be  i-e  marked  that  the  law  of  Henry  and  Dal  ton  belongs  to  the 
class  of  approxumffe  Intrn^  like  the  laws  of  gases  (Gay-Lufisac*s  and 
Mariotte^s)  and  many  others  that  is,  it  expresses  only  a  poKion  of  a 
complex  pfienomenon,  the  limit  towards  which  the  phenomenon  Jiims, 
The  matter  is  rendered  complicatetl  from  t!ie  lotluence  of  the  degree  of 
solubility  and  of  affinity  of  the  dissolved  gas  for  water.  Gj^ses  which 
are  little  sol uble^f or  in. stance,  hydrogen,  oxygen,  and  nitrogen— follow 
the  law  of  Henry  and  Dulton  the  most  closely.  Carlxauc  anhydiide 
exhibits  a  decided  deviation  from  the  law,  as  is  seen  from  the  deternii- 
nations  of  Wroblewski  (1882),  He  shoft'ed  that  at  0^  a  cubic  centi- 
metre of  water  absoi'bs  1\S  cuVjic  centimetres  of  tin:  gas  under  a  pressure 
of  one  atmosphere  ;  under  10  atmospheres,  \\\  iubie  icntimetres  (and 
not  18,  as  it  should  he  according  tn  the  law)  ;  under  20  at  on  (Spheres, 


*•  According  to  ButiHen,  UH)  vohimi^s  of  wwler  niiflt*r  a  jjies^^ure  of  rttie  utiuoft|ili«r« 
nbnorb  the  following  volumes  of  gftK  Imeatiurtid  tii  i)^  tmd  im  nini.)  :— 

I  3  3  4  &  a  7  H  »  la 

rr»        4  11         2-03        Vn        17U-7        3'S        130S        -|»7 1        «;«^'0        5  4         iCKIiNSll 
l(|o         3-2B         Ifil         M<3         n8"6         26  Hf-t*         aSH-tt         513«         4*1  813^1 

}Mfi        3'K4         1-40        lUS  SHVl         33  OT-O        2D0*        :iG2-5        3"5  (JB4W 

I,  oxyireti ;  3*  nltroireti ;  3,  hydrogen  :  4,  aurboiile  aiili3'«JrlU<? :  &,  cnrljaiiio  oxiUt);  (S,  wilrims  oxirJ«; 
7,  hydpojfcii  unlpUttlc :  %  »u)pburoii«  anhydride  :  %  ta«r«h  g&§ ;  10,  anitnnidiik 
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26*6  cubic  oentimetres  (instead  of  36)  ;  and  under  30  atuiaspheres,  33*7 
cubic  ORutimeti'es.'*  However,  as  the  researches  of  Re^henoff  show, 
the  al>sorption  of  carlxinic  anhydride  within  certain  limits  of  eliange 
of  pressure,  and  at  the  or<iinary  temperatui-e,  by  water— and  even  by 
solutions  of  salts  which  are  not  chemically  changed  by  it,  or  do  not 
form  eomy)ounds  with  it— very  closely  follows  the  Law  of  Henry  and 
Dalton,  so  that  the  chemical  bond  between  this  gas  and  water  is  so 
feeble  that  the  breaking  up  of  the  solution  with  separation  of  the  gas 
ia  acconiplisht'd  by  a  decrease  of  pressure  alone. ^^  The  case  is  different 
if  a  considerable  athnity  exists  between  the  dissolved  gas  and  water. 
Then  it  might  even  be  expected  that  the  gas  would  not  be  entirely 
separate  from  water  in  a  vacuum,  as  should  be  the  case  with  gases 
aceording  to  the  law  of  Henry  and  Dalton.  Such  gases — and,  in 
general,  all  which  are  very  soluble — exhibit  a  distinct  deviation  from 
the  Uw  of  Henry  and  Dalton.  As  examples,  ammonia  and  hydro- 
chloric acid  gas  may  be  taken.  The  former  is  separated  by  boiling  and 
decrease  of  pressure^  while  the  latter  is  not,  but  they  both  rleviate  dis- 
tinctly from  the  law. 


Procure  lu  tiuiu 
of  tiuirvurx 


100 

firtO 
1,000 
1,500 


.\JIIIDOUiA  lUuolVH 

ill  luOgmmsof 


112  6 
Ht5*5 


Hjdrocljlorio  **«'i.] 
(»»nmiM  of  viijitw  At  tr 


Grains 

cvr>-7 

7Hfl 


It  will  be  remarked,  for  insUmce,  from  this  table  that  whilst  the  pres- 


'*  The«e  figures  <4linvr  that  the  eo-ef!ic*ienl  <>l  tsolubility  tlecreaHtfs  wilii  un  iiuTeuse  of 
pre«»urr,  notwilhfitaiiding  thiit  th**  carbonie  Atihydrido  mpproiiicheft  n  lujuid  htiitf.  And, 
iBtl*«l/Hq defied  carbonic  anhydride  tXae^  not  intermix  with  water,  und  d«K?H  not  exhibit  A 
mpid  iin'n»4ifie  in  ^lubility  At  its  tempt'rature  of  liquefaction.  TbiH  tndieiitt'fi.  in  the  first 
filacer,  thfit  srdutiondoe^  not  cnnKiHt  in  liquefaction,  (indin  thi*  Kcr^cond  place  thut  the  swriln- 
liUity  of  a  fiubHtance  in  d«>t«t*uiinc^d  by  a  peculiar  aitnvctiou  of  wat<^r  for  the  iiub«ttAnce 
dit«otnn(^,  WroblerwBki  oven  conwder*  it  iJOitsible  to  admit  that  u  diKHolvod  gne  retciiuft 
tU  prnptntieft  a»  a  giM*.  Thi»  he  deduces  from  hin  e3()H'riineutHt  which  f^howed  that  the 
r»te  of  diffufitoti  at  >ta!«e«  in  u  solvent  ia,  for  giiae**  of  differiMit  deUKitieH,  inver«clT  propor- 
iiooal  to  Uie  gfmart''  root*  of  their  deUKities,  jnHt  aw  thf  velocitie**  of  tnovenient  of  ^ae^^ouis 
rnolt«rtil«»(Bee  Note  Hi  on  p.  SO).  WroblewKki  hhowed  the  affinity  of  water,  H-jO,  for  carlxinic 
Htihyclride,  CO.>  trom  tlw*  fact  that  on  exptrnding  moist  comprewtied  c«rb<inic  unbjdride 
|compr«t»»»Hl  atO-'  uitdcr  a  j>re»i«nre  of  10  atnn>Hphere«)  he  ohtaincd  in  fall  in  teni|>erHture 
lAke«  plaeu  itam  th*»expan>iion|a  very  anntablv  di^Unitti  i  rystalline  co«ip<mnd,  C0._»  +  hH^O, 

-"**  Aa,  according  to  the  remearchew  of  RoHcot5  and  hi»  culhilmratort.^  anunouia  eiibibjtH 
«  conKidernblc!  deviation  at  low  teniiwratures  from  the  hiw  of  Henrj-  and  Dallon,  whilHt 
at  1011^  the  deviation  is  Kinall,  tt  would  appt^ar  thai  the  diHi^3<:iating  influence  of  teiii- 
{ttfrntort*  tell  a  oil  all  gAaiM>ad  »olutionii ;  thai  is,  at  high  teniperalnreB^  the  («<blution&  of 
•U  gmtmtt  wrtll  follow  thc>  law,  aiid  at  lower  t6rllp<^r^tllre8  there  will  in  all  lb^vh  be  a 
cleTiJttujn  ftom  it. 


HO 
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sure  iticreaseil   10  tliiies,  tlii"  soluiiility  nf  amnKmid  only  incr^asefi  4,4 
times. 

A  nuinber  of  example's  t>f  such  cases  of  the  aUsorption  of  jicases 
by  liquids  ini^flit  be  cited  wljiuh  do  not  in  any  way,  even  approximately^ 
agree  with  the  laws  of  solubility.  Thus,  for  instance,  carbonic  anJiy- 
dride  is  absorbed  by  a  solution  of  caustic  potash  in  water,  and  if  there 
he  aufticient  caustic  potash  it  is  not  sepamted  from  the  solution  by  a 
decrease  of  pressure.  This  is  a  case  of  more  intimate  chemical  com- 
bination. A  lesK  completely  studied,  but  similar  and  clearly  chemical, 
correlation  appears  in  certain  cases  of  the  solution  of  gases  by  water, 
and  we  shall  afterwards  take  an  example  of  this  in  the  solution  of 
hydrogen  iodide  ;  but  first  we  will  stop  to  Ciinsider  a  remarkable  appli- 
cation of  t!ie  law  of  Henry  and  Dalton^^  in  the  case  of  the  solution  of 
a  mixture  of  two  gases,  and  this  we  must  do  all  the  more  because  the 
phenomena  which  then  take  place  cannot  be  foreseen  without  a  clear 
theoretical  representation  of  the  nature  of  gases.^^ 

S'  The  ratio  between  the  pressure'  and  the  amount  of  gan  diBeolvBci  wak  dkcovet^l  by 
Henry  in  IHOJi,  mu^  Dftllon  in  ISO?  (pointed  out  the  iiddptiibiUty  of  this  Inw  in  eases  of 
^$if?tous  niiitturt»«,  iiitrodutnnj^'  th«?  conception  of  partial  pri?H8iir**s  w}ii<"li  im  nbt3ohib(*ly 
tieceitftftry  for  ii  right  comprehension  ci^f  DHlton'slaw.  The  eouceptioii  of  pnrtial  prehsiiiiijg 
essentially  t^iiterw  into  fcbiit  of  th«*  diflhision  of  vitpourit  in  ^asM'K  (footnoU*  1|;  for  the 
prcKKure  of  damp  air  is  equul  ki  the  anm  of  the  pressurea  of  ilry  air  ami  of  the  uqueouft 
vtk]xiUT  in  it,  and  it  h  iidniittc>d  ii«i  u.  saqueiice  to  D&lton'n  law  that  e\'a}Xiration  in  dry 
ttir  takfH  place  as  tii  ii  vafuuni.  It  l«f  however,  nece»stt.ry  to  remark  that  the  volume  of 
n  miJttnre  of  two  gases  (or  vajionrs)  in  on!y  Approisinuitiily  t'qnal  to  the  nnm  of  tlnj  voluuie* 
of  itB  coDBtituentiji  (the  mime^  naturally,  also  refers  to  their  pressures) — that  is  to  swy^  in 
mixing  giisen  a  change  of  voIum#*  occurH,  whitl*,  although  small,  is  quite  apparent  when 
carefully  measured.  For  inHtance,  in  IHhh  Brown  showed  that  on  niiitiug  various  volumes 
ol  imlphuron?;  anhydnde  jSO^^}  with  carbonic  anhydride  (at  ei:]ual  pres8ure$%  of  liU}  imii. 
ttnd  equal  teni|K'rjitnrcs|i  a  decrea^**  i»f  presnure  of  3'M  millimetres  of  mercury  wji4 
obsened  The  possibility  nf  a  chemical  action  in  Himilar  mii£tur**H  is  evident  from  the 
fact  that  equiii  volumes*  of  sul|jliur«u«  and  carh<mic  atihydrid«^s  at  --  IW  form,  according 
to  Pictet's*  TeseareVieH  iij  IHHH,  a  liLjuid  having  the  Higns  of  a  chemical  compound*  or  a 
solution  similar  to  that  given  when  sulphurous  anhydride  mid  water  combine  into  an 
unstable  chemicnl  whole. 

'*  The  origin  of  the  now  generally- aticept^d  kinetic  theory  of  gaaee,  according  to 
which  they  are  anituated  by  a  rapid  progresnive  movement,  ii*  very  ancient  ('Bernoulli  and 
others  in  the  last  century  had  already  developed  a  nimilar  representation ),  but  it  was 
only  geiierahy  accepted  after  tb*f  mecliaiiit^al  theory  of  heat  had  been  establitihed,  aiid 
ftfter  the  work  of  KrJJnig  ilHrt'>)^  and  cnpecially  after  its  nnvtheniatical  side  had  been 
worked  mit  by  ClatiNins  und  Maxwell.  The  prensure,  elahticity,  difTiiHiou,  and  internal 
friction  of  guscM,  tht*  hiwn  of  Boyle,  Mariotte,  aod  of  Gay-Lussoc  aiul  Avogadro-rrerhardt 
are  not  only  esphiined  [deducedl  l^y  the  kinetic  thttory  of  gases,  but  alivi  expi-esned  with 
perfect  exitctitude ;  thus,  for  example,  the  magiiitudt^  fjf  the  ititernal  friction  of  dii!er<*nt 
glik&e»  waM  foretold  with  exactitude  by  Maxwell,  by  ii[)plying  the  theory  of  prohahilitie«  to 
the  concasiiion  of  gnHeouH  particles.  Tlie  kinetic  theory  of  gawih  must  therefore  he  con- 
fidered  as  one  of  thtt  most  brilliant  acquisitions  of  the  hitter  half  of  the  present  century. 
The  v«locifcy  of  thf  jirogrensive  movement  of  the  gaseous  particlen  of  a  gas,  one  cubic 
centimetre  of  which  weighn  d  grams,  m  found,  according  to  the  th*?ory,  to  be  eiiual  to 
the  Hquare  root  of  the  product  of  ^pDg  divided  by  //,  where  p  is  the  prcHsure  under  which 
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The  law  of  partial  pressures  is  as  follows  :  — The  solubility  of  gases 
in  intermixture  with  each  other  does  not  depend  on  the  influence  of 
the  total  pressure  acting-  on  the  mixture,  but  on  the  influence  of  that 
portion  of  the  total  pressure  which  is  due  to  the  volume  of  each  given  gas 
in  the  mixture.  Thus,  for  instance,  if  oxygen  and  carbonic  anhydride 
were  mixed  in  equal  volumes  and  exerted  a  pressure  of  760  millimetres, 

d  is  determined  expressed  in  centimetres  of  the  mercury  column,  D  the  weight  of  a  cubic 
centimetre  of  mercury  in  grams  (D  =  18*59,  jp  =  7ft,  consequently  the  normal  pressure  = 
1,083  grams  on  a  sq.  cm.),  and  g  the  acceleration  of  gravity  in  centimetres  {g  =  980*5, 
at  the  sea  level  and  long.  45°,  =  981*92  at  St.  Petersburg;  in  general  it  varies  with  tlie 
longitude  and  altitud^of  the  locality).  Therefore,  at  0°  the  velocity  of  hydrogen  is  1,848, 
and  of  oxygen  461,  metres  per  second.  This  is  the  average  velocity,  and  (according  to 
Maxwell  and  others)  it  is  probable  that  the  velocities  of  individual  particles  are  different, 
that  is,  they  occur  in,  as  it  were,  different  conditions  of  temperature,  which  is  very  im- 
portant to  take  into  consideration  in  the  investigation  of  many  phenomena  proper  to 
matter.  It  is  evident  from  the  above  determination  of  the  velocity  of  gases,  that 
different  gases  at  the  same  temperature  and  pressure  have  average  velocities,  which  are 
inversely  proportional  to  the  square  roots  of  their  densities ;  this  is  also  shown  by  direct 
experiment  on  the  flow  of  gases  through  a  fine  orifice,  or  through  a  porous  wall.  Thia 
diiwimilar  velocity  of  flow  for  different  gases  is  frequently  taken  advantage  of  in 
chemical  researches  (see  Chap.  II.  and  also  Chap.  VII.  on  the  law  of  Avogadro-Gerhardt) 
in  order  to  separate  two  gases  having  different  densities  and  velocities.  The  difference 
of  the  velocity  of  flow  of  gases  also  determines  the  phenomenon  cited  in  the  following 
footnote  for  demonstrating  the  existence  of  an  internal  movement  in  gases. 

If  for  a  certain  mass  of  a  gas  which  fully  and  exactly  follows  the  laws  of  Mariotte 
and  Gay-Lussac  the  temperature  t  and  the  pressure  p  be  simultaneously  changed,  then 
the  entire  change  would  be  expressed  by  the  equation  j;>r  =  C  (l  +  a/),  or,  what  is  the 
same,^'  =  JBT,  where  T-i  +  273  and  C  and  R are  constants  which  vary  not  only  with  the 
nnits  of  measurement  but  with  the  nature  of  the  gas  and  its  mass.  But  as  there  are 
difcrepancies  from  botli  the  fundamental  laws  of  gases  (which  will  be  spoken  of  in  the 
following  chapter),  and  as,  on  the  one  hand,  a  certain  attraction  between  the  gaseouH 
molecules  must  be  admitted,  and  on  the  other  hand  it  must  be  acknowledged  that  the 
gaseous  molecules  themselves  occupy  a  portion  of  a  space,  therefore  for  ordinary  gases, 
within  any  considerable  variation  of  pressure  and  temperature,  recourse  should  be  had 
to  Van  der  Waal's  formula — 


(^+  \0   ('>-i^)-^(l-«0 


where  a  is  the  true  co-efRcient  of  expansion  of  gases.  As  the  actual  co-efficient  of  ex* 
pansion  of  air  at  the  atmospheric  pressure  and  between  temperatures  of  0°  and  100^  = 
0-00867,  when  determiaed  from  the  change  of  pressure  (according  to  Regnault's  data) 
and  when  determined  from  the  change  of  volume  =  00036H  (according  to  Mendel«?eflf  and 
Kayander),  and  for  other  gases  there  is  a  discrepancy,  although  not  a  large  one  (see  the 
following  chapter),  which  is  considerable  at  high  pressures  and  for  great  densities,  there- 
fore that  co-efficient  of  expansion  should  be  taken  which  all  gases  have  at  low  pressures. 
This  quantity  is  approximately  0*00367. 

The  formula  of  Van  der  Waal  has  an  especially  important  significance  in  the  case 
of  the  passage  of  a  gas  into  a  liquid  state,  because  the  fundamental  proi)ertie8  of  both 
gases  and  liquids  are  equally  well  expressed,  although  only  in  their  general  features^ 
by  it. 

The  further  development  of  the  questions  referring  to  the  subjects  here  touched  on» 
viiiieh  are  of  especial  interest  for  the  theories  of  solutions,  must  be  looked  for  in  special 
memoirs  and  works  on  theoretical  and  physical  cheniistrj-.  A  small  part  of  this  subject 
will  be  partially  considered  in  the  footnotes  of  the  following  chapter. 
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then  water  would  dissolve  so  much  of  each  of  these  gases  as  would  be 
dissolved  if  each  separately  exerted  a  pres^sure  of  half  an  atmosphere, 
and  in  this  case,  at  0^  one  cubic  centimetre  of  v^'ater  would  tlissfilve 
0*02  cubic  centimetre  of  oxygen  and  0*90  cubic  centimetre  of  carbonic 
aidiydride.  If  the  pressure  of  a  gasaeous  mixture  etfualhi  A,  and  in  n 
Yolumeij  of  the  mixture  tliere  be  a  volumes  of  a  given  gas,  then  it« 
solution  will  proceeil  as  tliough  tliis  gas  were  dissolved  umler  a  pres- 
sure   .     That  poi"tion  of  the  pressure  under  influence  of  which  the 

solution  proceeds  is  termed  the  *  partial^  press  a  re. 

In  ortler  to  represent  to  oneself  the  cause  of  the  law  of  partial 
pressures,  an  explanation  must  be  given  of  the  fundamental  properties 
of  gases,  fiases  are  elastic  and  disperse  in  all  directions.  All  that  is 
knfiwn  of  gases  obliges  one  to  think  tliat  these  fundamental  properties 
of  gHses  are  due  to  a  rapid  progressive  movement ,  in  all  dii*ections, 
which  is  prujjer  t-o  tlieir  smallest  particles  (molecules ).''''  These  mole- 
cules in  iinpinging  against  an  obstacle  protiuce  a  pressure.  The  greater 
the  number  of  molecules  impinging  against  an  obstacle  in  a  given  time, 
the  greater  the  pressure.  The  jiressure  of  a  separate  gas  or  of  agasetius 
mixture  depends  on  the  sum  of  the  pressures  of  all  the  molecules,  on 
the  number  of  blows  in  a  unit  of  time  on  a  unit  of  sui-face,  and  on  the 
mass  and  velocity  (or  the  vh  vira)  of  the  impinging  uioleculea.  To  the 
obstacle  all  molecules  (although  dilferetxt  in  nature)  are  alike ;  it  is 
submitted  to  a  pressure  due  t-o  the  sum  of  their  ris  viva.  But,  in  a 
chemical  action   such  as  the  solution  of  gases,  on   the  contrary,  the 

^'*  Altliougli  tlie  iLC'tual  mt>vt*mt*(nit  of  gHMjiiuci  molecuks,  whieh  is  Acknowledged  by  the 
kinetic  theory  of  i^uHeii,  cannot  he  rieeu^  yet  itn  e3ii»t€iiiee  may  be  reudvred  evident  by 
taking  iidvanUi^e  of  tJie  difft^rence  in  the  veloeities  which  oiidoubtedly  belongs  to 
different  gatiieii  which  are  of  different  d^ensitiefl  under  tuijukil  preB»are».  Themoleeules  of  a 
light  gft«  inuiit  juove  more  rapidly  than  the  niolt?cule«  uf  m  heavier  ga»  in  order  to  prodace 
the  same  preBHure.  Lot  uh  take,  therefore,  two  ifaseH^bydrogen  mid  air ;  the  former  is 
H'4  timeti  lighter  than  the  latter,  and  hence  the  nuileculeHof  hydrogen  mtiHt  move  almost 
four  times  more  quiekly  than  air  (more  exactly  8"H,  ueeordiiig  to  the  fomiiila  given  in  the 
p^et^eding  fixitnote).  Con>itnfjiiently,  if  air  oocnrft  luftlde  ii  {H}rutiii  cylinder  and  hydrogen 
outHide,  then  in  u  given  time  the  volume  of  hydi*ogen  which  BUoceedH  in  entering  the 
cylinder  will  be  greater  tlmn  the  volume  ol  air  leaving  the  cylinder,  tind  therefore  ih« 
preHftUre  innide  the  cylinder  will  rise  until  the  gtnaeoue  mixture  [of  air  and  hydrogen) 
rttttiinfe  an  equal  dennity  l>c)th  inside  and  trntnide  the  cylinder.  If  now  the  ex[jerimeiit 
be  r«vcr»Ml  and  itir  »*urTanndthe  eylinder,  and  hydrogen  be  inuide  the  cylinder,  then  more 
gHs  will  leuive  the  cylinder  than  enter**  it,  and  hence  the  prcMHiire  innide  the  cylinder 
will  be  dimintahed.  In  thei^  coiiaideratiouit  we  hivA'e  repliu?ed  the  idea  of  the  number 
of  moleculeH  by  tlio  iden  of  volumes.  We  Bhrtll  learn  afterw  ardn  that  e<:|ual  voliunH« 
of  different  ^'atteti  coiitain  an  eynal  iiotiiber  of  molecules  {the  law  of  Avogadro-Ger- 
hardt],  and  therefore  instead  of  (!.|ietiking  of  the  number  of  raoleculeft  we  ctui  Bpeak  of 
the  uuniher  of  volumes.  If  the  cylinder  be  partially  iminer&ed  in  water  the  riwe  tuid  fidl 
of  the  preHHure  can  be  (>b»erved»  nnd  couHeqnently  the  experiment  can  be  rendered  self* 
evident. 
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lature  of  the  impinging  molwules  plays  the  most  inipirUiiU  part.     In 
pinging  againBt  a  liquid,  a  portion  of  the  gas  entei-s  into  the  lir^nid 
tself^  and  is  held  by  it  so  long  as  other  gaseous  njoleeules  impinge 
it  theliquid^ — exert  a  pressure  on  it.     As  regards  the  sohibilitj  of 
gas^  for  the  numljer  of  blows  it  makes  on  tlie  surface  of  a  liquid, 
is  tm material  whether  other  nioleeules  of  gases  iinpioge  aide  by  side 
ith  it  or  not.     Therefore,  the  solubUity  of  a  given  gas  will  be  proper- 
ionAl,  not  to  the  total  pressure  of  a  gaseous  mixture,  but  to  that  por- 
ion  of  it  whicli  is  due  to  the  given  gas  separately.      Further*  the  satura- 
tion of  a   Hcjuid  by  a  gas  dej:>ends  on   the  fact  that  the  molecules  of 
ases  that  have  entered  into  a  liquid  do   not  remain   at   rest   in   it, 
though  they  enter  in  a  harmonious  kind  of  movement  with  the  mole- 
cules uf  the  liquid,  and  therefore  they  throw  themselves  otl'  fn>ui  the 
urfaee  of  the  liquid  (jnst  like  its  vaj>our  if  the  liquid  be  volatile).     If 
in  a  unit  nf  time  an  equal  number  of  molecules  j>enetrate   into  (leap 
into)  a  liquid  and  leave  (or  lejip  out  of)  a  liquid,  it  is  satuinted.     It 
is  a  case  of  mobile  equilibrium,  and   not  of  rest.     Therefore,    if   the 
pressure  be  diminished,    the  nuniber   of  molecules  depai-ting  from  the 
liquid  will  exceed  the  number  of  molecules  entering  into  the  liquid, 
and  a  fresh  state  of  mobile  equilibrium  only  takes  place  under  a  fresh 
quality  of  the  number  of  molecules  departing  from  and  entering  into 
le  liquid.     Thus  are  explained  the  main  features  of  the  solution,  and 
furthermore  of  that  special  (chemical)  attraction  {penetration  and  har- 
monious movement)  of  a  gas  for  a  liquid,  which  determines  both  the 
easure  of  solubility  and  the  degree  of  stability  of  the  solutions  pro- 
uced. 

Tlie  consequences  of  tlie  law  of  partial  pressui'es  are  exceedingly 

lnuinepoufi  and  important.     All  liquids  in  nature  are  in  contact  with  the 

jitmosphere.     The  atmosphere,  as  we  shall  afterwards  see  more  fully, 

nsists  of  an  intermixture  uf  gases,  chiefly  four  in  nuinljer     oxygen, 

iitn>gen,  carbonic    anhydride,  and  aqueous  vapour.      IDO  volumes  of 

ir   contain,  approximately,    78   volumes   of   nitrogen,  and  about  21 

oiomes  of  oxygen  j   the  quantity  of  carbonic  anhydride,  by  volume^ 

doe^  not  exceed  0"05,     I'nder  uri  Unary  c  i  re  u  in  stances,  the  quantity  of 

aqneouB  vapour  is  much  great>er,  but  it  varies  with  the  moisture  of  the 

attDOspbere»     Conaeciuentlyj  the  solution    of   nitrogen    in  a  liquid  in 

contact  with  the  atmosphere  will  proceed  under  a  pirtial  pressure  equal 

to  jVo^^^^  Df*'^*  if  the  atmospheric  prt*ssiire  equal  760  mm.;    coii- 

uently.  under  a  pressure  of  600  mm.  of  mercury,  the  solution  of 

oxygen  will  proceed  under  a  partial  pressure  of  al>out  I  GO  mm.,  and 

the  solution  of  carbonic  aidiydride  only  under  the  very  small  pressure 

of  0'4    mm.     Therefore,  although  the  amount    of    nitmgen  in  air  is 
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large,  yet,  as  the  solubility  of  oxygen  in  water  is  twice  that  of  the 
nitrogen  in  water,  the  proportion  of  oxygen  dissolved  in  water  will  be 
greater  than  its  proportion  in  air.  It  is  easy  to  calculate  what  quantity 
of  each  of  the  gases  will  be  contained  in  water,  and  we  will  take  the 
most  simple  case,  and  calculate  what  quantity  of  oxygen,  nitrogen,  and 
carbonic  anhydride  will  be  dissolved  from  air  having  the  above  com- 
position at  0°  and  760  mm.  pressure.  Under  a  pressure  of  760  mm.  1 
cubic  centimetre  of  water  dissolves  0*0203  cubic  centimetre  of  nitrogen, 
or  under  the  partial  pressure  of  600  mm.  it  will  dissolve  0*0203  x  ^g^f, 
or  001 60  cubic  centimetre  ;  of  oxygen  0*041 1  x  |gS,  or  0*0086  cubic  cen- 

0*4 
timetre  ;  of  carbonic  anhydride  1*8  x-— ^  or  0*00095  cubic  centimetre; 

consequently,  100  cubic  centimetres  of  water  will  contain  at  0°  altogether 
2*55  cubic  centimetres  of  atmospheric  gases,  and  100  volumes  of  air 
dissolved  in  water  will  contain  about  62  p.c.  of  nitrogen,  34  p.c.  of 
oxygen,  and  4  p.c.  gf.  carbonic  anhydride.  The  water  of  rivers,  wells, 
(fee,  usually  contains  more  carbonic  anhydride.  This  proceeds  from 
the  oxidation  of  organic  substances  falling  in  the  water.  The  amount 
of  oxygen,  however,  dissolved  in  water  appears  to  be  actually  about  ^ 
the  dissolved  gases,  whilst  air  contains  only  ^  of  it  by  volume. 

According  to  the  law  of  partial  pressures,  whatever  gas  be  dissolved  in 
water  will  be  expelled  from  the  solution  in  an  atmosphere  of  another  gas. 
This  depends  on  the  fact  that  gases  dissolved  in  water  escape  from  it 
in  a  vacuum,  because  the  pressure  is  nil.  An  atmosphere  of  another 
gas  acts  like  a  vacuum  on  a  gas  dissolved  in  water.  Separation  then 
proceeds,  because  the  molecules  of  the  dissolved  gas  no  longer  impinge 
upon  the  liquid,  are  not  dissolved  in  it,  and  those  previously  held  in  solu- 
tion depart  from  the  liquid  in  virtue  of  their  elasticity. ^^*     For  the  same 

*"•*  Here  there  may  be,  properly  speaking,  two  cases :  either  the  atmosphere  surround- 
ing the  solution  may  be  limited,  or  it  may  be  proportionally  so  vast  as  to  be  unlimited, 
like  the  earth's  atmosphere.  If  a  gaseous  solution  be  brought  into  an  atmosphere  of 
another  gas  which  is  limited — for  instance,  as  in  a  closed  vessel — then  a  portion  of  the 
gas  held  in  solution  will  be  expelled,  and  thus  pass  over  into  the  atmosphere  surrounding 
the  solution,  and  will  evince  its  partial  pressure.  Let  us  imagine  that  water  saturated 
with  carbonic  anhydride  at  0°  and  under  the  ordinary  pressure  be  brought  into  an 
atmosphere  of  a  gas  which  is  not  absorbed  by  water;  for  instance,  that  10  c.c. 
of  an  aqueous  solution  of  carbonic  anhydride  be  introduced  into  a  vessel  holding 
10  c.c  of  such  a  gas.  The  solution  will  contain  18  c.c  of  carbonic  anhydride.  The 
expulsion  of  this'  gas  goes  on  until  a  state  of  equilibrium  is  arrived  at.  The  liquid 
will  then  contain  a  certain  amount  of  carbonic  anhydride,  which  is  retained  under 
the  partial  pressure  of  that  gas  which  has  been  expelled.  Now,  how  much  gas  will 
remain  in  the  liquid  and  how  much  will  pass  over  into  the  surrounding  atmosphere  ? 
In  order  to  solve  this  problem,  let  us  suppose  that  x  cubic  centimetres  of  carbonic 
anhydride  are  retained  in  the  solution.  It  is  evident  that  the  amount  of  carbonic  anhy- 
dride which  passed  over  into  the  surrounding  atmosphere  will  be  18— a?,  and  the  total 
volume  of  gas  will  l>e  10  +  18— a-  or  28  — x  cubic  centimetres.     The  partial  pressure  under 
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reason  a  gas  may  be  entirely  expelled  from  a  gaseous  solution  by 
boiling — at  least,  in  many  cases  when  it  does  not  form  particularly  stable 
compounds  with  water.  In  fact  the  surface  of  the  boiling  liquid  will 
be  occupied  by  aqueous  vapour,  and  therefore  all  the  pressure  acting 
on  the  gas  will  belong  to  the  aqueous  vapour.  Consequently,  the  partial 
pressure  of  the  dissolved  gas  will  be  very  inconsiderable.  For  this,  and 
for  no  other  reason,  a  gas  separates  from  a  solution  on  boiling  the  liquid 
holding  it.  At  the  boiling  point  of  water  the  solubility  of  gases  in 
water  is  still  sufficiently  great  for  a  consideiable  quantity  of  a  gas  to 
remain  in  solution.  The  gas  dissolved  in  the  liquid  is.  carried  away, 
together  with  the  aqueous  vapour ;  if  boiling  be  continued  for  a  long 
time,  then  in  the  end  all  the  gas  will  be  separated. -'^^ 

which  the  carbonic  anhydride  is  then  dissolved  will  he  (sapposing  that  the  common 

18— a; 
pressure  remains  constant  the  whole  time)  eqnal  to  ott__^>  consequently  there  is  not  in, 

solotion  18  CO  of  carbonic  anhydride  (as  would  be  the  case  were  the  partial  pressure 

18-j; 
«qoal  to  the  atmospheric  pressure),  but  only  18  ogI^»  which  is  equal  to  x,  and  conse- 

.  18-ar 
quently  we  obtain  the  equation  18  ^^ri~  =JJ,  hence  a;  =  8'69.  Again,  where  the  atmo- 
sphere into  which  the  gaseous  solution  is  introduced  is  not  only  that  of  another  gas  but  also 
unlimited,  then  the  gas  dissolved  will,  on  passing  over  from  the  solution,  diffuse  itself 
ihroagh  this  atmosphere,  and  from  its  limitedness  produce  an  infinitely  small  pressure: 
in  the  unlimited  atmosphere.  Consequently,  no  gas  can  be  retained  in  solution,  under 
this  infinitely  small  pressure,  and  it  will  be  entirely  expelled  from  the  solution.  For 
this  reason  water  saturated  with  a  gas  which  is  not  contained  in  air,  will  be  entirely  de- 
prired  of  the  dissolved  gas  if  left  exposed  to  air.  Water  also  passes  off  from  a  solution 
into  the  atmosphere,  and  it  is  evident  that  there  might  be  such  a  case  as  a  constant 
proportion  between  the  quantity  of  water  vaporised  and  the  quantity  of  a  gas  expeUed 
from  a  solution,  so  that  not  the  gas  alone,  but  the  entire  gaseous  solution,  would  pass  off. 
A  similar  case  is  exhibited  in  solutions  which  are  not  decomposed  by  heat  (such  as  those 
of  hydrogen  chloride  and  iodide),  as  will  afterwards  be  considered. 

^7  However,  in  those  cases  when  the  variation  of  the  co-efficient  of  solubility  with  the 
temperature  is  not  sufficiently  great,  and  when  a  known  quantity  of  aqueous  vapour 
and  of  the  gas  passes  off  from  a  solution  at  the  boiling  point,  an  atmosphere  may  be 
obtained  having  the  same  composition  as  the  liquid  itself.  In  this  case  the  amount  of 
gas  passing  over  into  such  an  atmosphere  will  not  be  greater  than  that  held  by  the 
liquid,  and  therefore  such  a  gaseous  solution  will  distil  over  without  change,  and  without 
altering  its  composition  during  the  whole  period  of  boiling  or  distillation.  The  solution 
will  ihen  represent,  like  a  solution  of  hydriodic  acid  in  water,  a  liquid  which  is  not 
changed  by  distillation,  while  the  pressure  under  which  this  distillation  takes  place  re- 
mains constant.  Thus  m  all  its  aspects  solution  presents  gradations  from  the  most  feeble 
aflSnities  to  examples  of  intimate  chemical  combination.  The  amount  of  heat  evolved  in 
the  solution  of  equal  volumes  of  different  gases  is  in  distinct  relation  with  these  variations 
of  stability  and  solubihty  of  different  gases.  22*3  litres  of  the  following  gases  (at  760 
mm.  presaore)  evolve  the  following  number  of  (gram)  units  of  heat  in  dissolving  in  a 
large  mass  of  water ;  carbonic  anhydride  5,600,  sulphurous  anhydride  7.700,  ammonia 
8,800,  hydrochloric  acid  17,400,  and  hydriodic  acid  19,400.  The  two  last-named  gases, 
which  are  not  expelled  from  their  solution  by  boilin;r,  evolve  approximately  twice  as 
much  beat  as  such  gases  as  ammonia,  which  are  separated  from  their  solutions  by  boiling, 
whilst  gases  which  are  only  shghtly  soluble  evolve  less  heat  thaji  the  latter  gases. 
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It  is  evident  that  the  conception  of  the  partial  pressures  of  gase^ 
should  not  only  be  applied  to  the  fonnatiou  of  solutions^  but  also  to  all 
cases  of  chemical  action  of  gasen.  Esj>ecially  numerous  are  its  appli- 
cations to  the  physiology  of  respiration^  for  in  tliese  cases  it  is  only  the 
oxygen  of  the  atmosphere  that  acts,^** 

The  solution  of  mlidj^^  whilst  depending  only  In  a  small  mea- 
sure on  the  pressure  under  which  solution  takes  place  (l>ecause  solids 
and  liquids  are  almost  incompressible),  is  very  clearly  dependent  on 
the  temperature.  In  the  great  majority  of  cases  tlie  solubility  of 
solids  in  water  increases  with  the  temperature ;  and  further,  the 
rapidity  of  solution  increases  also.  The  latter  is  determined  by  the 
rapidity  of  diffusion  of  the  solution  formed  into  the  remainder  of  the 
w^ater.  The  solution  of  a  solid  in  water,  althou^^h  it  is  as  with  gases, 
a  physical  i>assage  into  a  liquid  state,  is  determined ^  however,  by  its 
chemical  affinity  for  water;  which  is  pixrticularly  clear  trom  the  fact 
that  in  solution  there  oc4?urs  a  diminution  in  volume,  a  change  in  the 
btjiling  point  of  water»  a  change  in  the  tension  «*f  its  vapoin\  in  the 
freezing  ptnni,  and  in  many  similar  propei-ties.  Were  salutiim  a  physical, 
and  not  a  chemical,  phenomenon,  it  would  naturally  be  accompanied 
by  an  increase  and  not  by  a  liiminution  of  volume,  because  generally  iii 
melting  a  solid  increfises  in  volume  (its  density  diminishes).  Con- 
traction  is  the  usual  phenomenon  accompanying  solution,  and  takes 
place  even  in  the  atldition  of  solutions  to  water,^^  and  in  the  solution 


^  Among  the  numerous  resenrclitiH  cont'eriiing  tbii*  »iibjecl,  c<.^rtiim  results  obtained 
by  Paul  B*Tt  ure  cited  in  Chaptiir  IIL,  iuid  ht^re  we  will  i>oii6t  out  tliut  Prof.  Sodienofl, 
ill  biii  ri^AtfArclieB  on  tlie  absorptiou  of  gagoH  by  liquida,  vory  fully  iuve^tignWd  the 
pUenotrtetm  of  tlie  solution  of  eurbonic  anhydride  in  ftolutiocts  of  vHrious  fi&lts,  and 
urrivijd  at  many  ijuj^xirtatit  reaults^  which  ahowfkl  that^  on  the  oiii;  hnnd,  in  the  solutioii 
of  carboiijL  anhydride  in  eolutions  of  HAltaon  which  it  is  eaimble  of  iwting  cht?mically  (for 
example,  Bodiuin  ciyhonii.to,  borax,  ordinary  ^dium  phoaplmto)^  tliere  i»  not  only  an 
increase  of  solubility,  but  idtw  ii  dintinct  deviation  from  the  law  oi  Henry  and  Dal  ton  ; 
andt  on  the  other  baiul,  that  Hohition^  of  lE^iLta  whieh  are  not  iicted  on  by  carbonic  anhy- 
dride (for  exumple,  tbt'  {-'hlorideti,  nilmteiif  and  sulphates)  absorb  less  of  it,  by  renaon  of 
the  cdmpetitiou  of  the  alreud}'  diaeolved  salt,  and  follow  the  law  of  Henry  and  I>altOQ^ 
but  all  the  «>ame  ubow  tindouhted  sigiiK  of  a  chemical  action  between  the  ttalt,  watefi  and 
carhomo  atdlydridi^  Sulphuric  acid  (wbo^e  co-efftcient  of  abBori>tion  is  U*i  vob.  per  100), 
when  dilated  with  water,  ttbtiorbH  h?RH  and  lewH  carbonic  anhydride,  until  the  hydrate 
HyBO^.HaO  (co-eff.  of  absorption  then  equala  M  vols.)  is  formed ;  then  on  further 
addition  of  waier  the  solubility  again  rises  until  a  solution  of  100  p.c.  of  watur  is 
obtained. 

*"  Kremers  made  tliis  observation  in  the  following  iiiniple  form  ; — He  too^  a  narrow- 
necked  flask,  with  a  mark  on  the  narrow  part  (like  tliai  on  a  litre  tiask  which  is  ytted  for 
nccurately  measuring  liquidh)^.  poured  water  into  it,  mid  then  ini*«rted  a  funnel,  having  a 
fine  tube  w^hich  reacbt^d  to  the  bottom  of  the  flask.  Through  ibis  funnel  he  carefully 
poured  a  solution  of  any  nalt,  and  (haviwg  removed  the  funnel)  allowed  thi^  li(|uid  t^j 
attain  a  deRnite  temperature  (in  a  water  hath) ;  he  then  filled  the  §ask  up  to  the  mark 
wiUi  water.     In  this  manner  two  layers  of  Ui|uid  wt're  obtained^  tlie  heavy  aaline  solutioa 
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of  liquids  in  water/*'  just  as  happens  in  the  combination  of  suhst^iiices 
when  evidently  new  suljstances  are  pixiduced.*^  The  contraction  which 
takes  place  in  solution  is,  however,  very  small,  a  fact  which  depends  on 
the  small  compressibility  of  solids  and  liquids,  and  on  the  insignificance 
of  the  compressing  force  acting  in  solution.^'  The  change  of  volume 
which  takes  place  in  the  solution  of  solids  aiid  liquids,  or  the  altera- 
tion in  specific  gravity*^  cones  ponding  with  it,  depends  on  peculiari- 
tiei  of  the  dissolving  substances,  and  of  water,  and,  in  tlie  majority 
of  cases,    is   not  proportional   to  the    quantity  of    the  substance  dis- 


bsJow  aJld  WAtar  nbciri;.  The  Jlaak  wa^  then  HlioJcen  in  order  to  accelemte  diHiision,  and 
il  WM  obeerred  that  the  volume  became  ie^&  H  ibt^  temf^erature  rematijecll  coimtant, 
Tht*  (mn  b«  proved  by  calcnlatioiif  if  Lhe  specific  gravity  of  the  Bolutioos  and  Wkitcr  be 
known.  T)ia«  a,i  16°  one  c.c.  of  a  Wi  pjQ.  BoLuiionof  common  §olt  wcighB  1  15(KJ  jjri-ams, 
biiiice  100  gnuns  occupy  a  volume  of  ^O'tfO  c.c.  As  the  ^p^gr.  of  w&ter  at  15^  =  0'9VM^10» 
llMtrtfore  100  gram^  of  water  oc^eupy  a  volume  of  100*0^  c.c.  The  flum  of  the  volumes  is 
187*191  Cc*  On  mixing,  *iOO  gmmii  of  a  10  p.c.  i»olution  art*  obtained.  Itti  gpecitie  gravity  \& 
1*07SS  (M  15°  aucl  referred  to  water  at  it^  maximum  deniity  t,  hence  the  20LI'  ^ram[«^  wiU 
ooenpy  a  volume  of  l»fi'4»  c.c.     The  contraction  iw  consequeiitly  equal  to  0  5(V  c.c. 

^  The  contractiooM  produced  in  Urn  ctim*  t>f  the  solution  ol  Hulphurie  acid  in  wat«r 
Are  fthown  in  the  diagram  Fig,  17  {pA\ie  US),  Their  munLimura  is  101  c,e,  per  10(\  c.c.  ot 
Itie  Mjlulion  formed.  A  maximum  contraction  of  4'iri  «t  0  ,  HTH  at  1-1  \  und  H  M)  at  tM)^, 
Ukea  place  in  tlie  solution  of  4tJ  p^irtti  by  weight  of  anlij'drous  alcohol  in  54  pivrts  of 
val4^.  TluM  «igtiilieH  that  if,  at  0  \  4tt  parts  by  weij^bt  of  iikohol  be  taken  [>er  54  pariH  by 
weight  of  water,  then  the  sum  of  ibeir  $M»^>arate  volumes  will  be  104'1&,  and  after  mixing 
Uieir  ioial  volume  will  be  100. 

*^  ThiB  mibject  will  be  oonaidered  later  in  thi^  work^  atid  wv  uhall  then  Be«  that  the 
oontruriion  produced  in  reactions  of  combiiiution  (of  t^olidfi  or  liquidei)  is  very  variable 
in  ilA  aiiiotmt,  and  that  there  are,  although  very  rare,  reactions  of  combiiiaiiou  m  which 
Mmimction  does  not  take  place,  or  when  an  increaae  of  volume  tA  prudticed. 

**  The  eompret^Hibility  of  »olutionH  of  common  mUt  is  lea^,  according  to  Qras«ii,  than 
ih»t  of  vmtar.  At  !«"  the  eompreaiiion  of  water  per  million  volumei  « 18  voIh.  for  a 
liDD— nrr  of  one  atmosphere ;  fur  a  15  p.c.  tiolutiou  of  common  fuilt  it  ta  d'i,  and  for  a 
M  %t^c.  ttoltition  au  vob.  Similar  determinations  were  miwle  by  Brown  (1887)  for  Maturated 
•oluttons  of  sal  ainmotiiac  (ik*  vok,|,  alum  (4(j  vols.),  c<>mmoti  salt  {37  vols;),  and  eodiuiii 
•itlphate  at  -^  l^^  when  the  ctimpreBeibility  of  water  =47  per  million  vidumes.  Tliit*  invei^ 
Ligalor  aliio  nho^'ed  that  Nubiit*uicert  which  diKHolve  with  an  evolution  of  heat  and  with  an 
incfre^Br  in  volume  (as,  for  instance,  !»al-auimoniac^  are  partially  separated  from  their 
MiMnled  solutions  by  an  increase  of  proMMire  [this  experiment  wa«  especially  convincing 
m  ibe  oaae  of  aal-ammomac)^  whilst  the  solubility  of  tmbntanceti  which  diaaolve  with  an 
abtorpiioti  of  heat  or  diminution  In  vulutiitt  increa&eH,  although  very  Hligliily,  with  an 
•iwneaw*  of  pretBure^     Sorby  ttbserved  the  aame  phenomenon  with  ctimiiion  wilt  Il8d5). 

•*  The  mcwt  trustwortliy  data  relating  to  the  variation  of  the  sji+HjiHc  gravity  of 
I  with  a  change  of  their  composition  and  tenipi^rature,  are  collected  «md  diHeuttaed 

ny  work  cited  in  footnote  IK.  The  practical  (for  the  amount  of  a  unbHtiuiie  in 
I  ia  determined  by  the  aid  of  the  specific  gravities  of  stilutions,  both  in  works  iind 
in  tdboriklorj  practice)  and  the  theoretical  (lor  s^intocific  grarit}*  can  be  more  accurately 
obtSTY^d  than  other  properties*  m\d  l^eeaasi^  a  variation  in  specific  gravity  governs?  the 
rmnation  of  many  other  properties)  inl-ert^st  of  tluH  subject,  besides  the  strict  rules  and  lawa 
(u  which  it  19  liable,  make  one  wish  that  tliis  province  of  data  concerning  solutions 
may  soon  be  ennehed  by  further  obi^rvations  of  as  iteo(tnite  a  nature  as  possible.  Their 
eoUection  does  not  present  any  great  diftiruUy,  although  requiring  much  time  and 
attention. 
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solved,^"*  showing  the  existence  of  a  cheraical  action  between  the  solvent 
and  the  substance  dissolved  which  is  of  the  same  nature  as  in  all  other 
forms  of  chemical  relation.'*' 

Although  an  alteiation  of  the  external  pressure  does  not  usually 
decompose  solutions  of  solids,  nevertheless  the  feeble  development  of 

**  liiiuiiiutch  iva  the  degree  of  chancre  exhibiteil  in  man}'  properties  on  Ike  frinniktion  of 
Holutinim^  is  not  Itirge,  to,  owioti  to  the  iDhufficient  tic<2unicy  of  obeer  viit  ions,  a  proportion - 
itlity  between  thie  chmngo  itud  a  ehiinge  of  composition  miiy,  in  a  flrtit  rough  tipproximation 
and  en^tecially  within  narrow  limits  of  change  of  composition,  easily  be  imagined  in  coises 
where  it  iloen,  not  even  exiet.  The  conclusion  of  Michel  and  Kraft  is  particularly  instruc- 
tive in  thiK  reMjwct;  in  1854,  on  the  bafliH  of  their  ineoiu[>lete  reKearchcii,  they  ftuppo«ed 
tlie  increment  of  the  Hpeeific  gravity  of  HholutionB  to  be  proportional  to  the  increment  of 
4L  salt  in  ft  tjiven  vol  nine  of  &  wilution^  whieh  im  c-nly  true  for  tie  terminations  of  »!i|jecific 
gravity  whieh  are  exact  to  the  sec<)nd  decimal  place — an  accuracy  in[»ufficienit  even  for 
technical  determinatione.  Aecar»t«  meaHurenientji  do  not  confirm  a  propjrtionality 
either  in  this  case  or  in  many  others  where  a  ratio  has  l>een  generally  accepted  ;  ilh^  for 
exiyiiple^  for  the  rotatory  power  (withreHpectto  the  plane  ♦ifpolansation'f  of  »olutions»aiid 
for  their  cnpillarity,  A'c.  XevertheleBR,  Ruch  a  methixl  in  not  only  ntiU  made  use  of,  b«t 
even  has  its  adviuitages  when  applied  to  MtlntionH  within  a  limited  seo|>e— an,  forini^tatiee, 
very  weak  ssohitions,  and  for  a  flr»L  at^quaintajice  with  the  phenomena  aecoiii|>anying 
dclntion,  and  ako  a»  n  meann  for  facilitatitig  tkc  apph'cation  of  niathematical  &nalysid  to 
the  investigation  of  the  phenomenon  of  yolntion.  Jodging  by  the  retitnUa-  obtained  in  my 
researches  on  the  specific  gravity  of  iMjlulionn,  I  think  that  in  majiy  CA«et«  it  would  b« 
nearer  the  truth  to  take  the  change  of  pro|jertieu  as  pro|*Ltrtional»  not  to  the  amount  of  b 
substance  dis6olved»  but.  to  the  product  of  this  quantity  and  the  amount  of  water  id 
which  it  i«  disacdved ;  all  the  more  so  a»  many  chemical  relations  vary  in  proportion  to 
the  reacting  niaHHCK^  and  a  similar  ratio  has  been  establisheil  for  many  phenomenii  of 
attniction  ntudied  by  meclianicH,  This  produL't  i«  eivaily  arrived  at  when  the  quantity  of 
water  in  the  solutioiifl  to  be  compared  ia  conwtant,  as  is  whown  in  inveHtigatilig  the  f(%ll  ol 
temperature  in  the  formation  of  ice  {see  footnote  4U,  p.  JJi>). 

*^  All  the  different  fonn^  of  chemical  reaction  may  he  stiid  to  take  plaee  in  the  proceesa 
ol  solution.  (1)  CombiniitioHH  between  the  solvent  and  the  s^ubbtance  dissolved,  which 
Are  more  or  les»  ntuble  im<ire  or  less  diBaociated),  Thii  form  of  reaction  \»  the  most 
probable^  and  i^  that  jnost  (>ften  observed.  (1!)  RecM^iioQa  of  sidmtituUan  or  of  donhU 
rUcomposiiion  between  the  molecules,  Thu»  it  may  be  isupposenl  that  in  the  solution  of 
Bol-amnioniac,  NHiCl,  the  action  of  water  produces  ammonia,  NH^HO,andhydrociiJoriu 
itcid,  HCl,  which  are  dissolved  in  the  water  and  simultaneously  attnu^t  each  other.  A» 
these  Holiitions  and  many  others  dt3  indeed  eichibit  signs  which  are  stunetimes  inditspa- 
Lable  of  similar  double  decompositioiif^  (thus  MjlutionH  of  Habammoiiiac  yield  a  certain 
amouTiit  of  tunmonia),  it  is  probable  that  tliis  fonn  «f  reaction  is  more  often  met  willi 
than  is  generally  thought.  (H)  Heoctions  of  UomerUiVt  ttr  replacemtnt  are  also  probably 
met  with  in  solution,  all  the  more  anherf  molecules  of  different  kinds  come  iiit^j  intijnate 
contact,  and  it  is  very  likely  that  the  configuration  of  the  atomts  in  the  molecules  under 
Hieae  indueDces  is  Homewhal  different  from  what  it  was  in  itti  original  and  isolated 
state.  One  is  led  to  this  supposition  ehipecially  from  obtiervations  made  on  solotions  of 
Bttbatoncefi  which  rotate  the  plane  of  ][Kdariaation  (and  obBervatJons  of  this  kind  are  very 
aenaitive  with  respect  to  the  aiDmie  structure  of  molecnles)^  because  they  show,  for 
example  (according  to  Schneider,  IhiHli^  that  strong  sedations  of  malic  acid  rotAte  the 
plane  of  poUiriiiatioo  to  the  right,  whilst  its  amnianiura  tudts  in  all  degrees  of  eoncentra* 
tion  rotate  the  pkne  of  polarisation  to  the  left,  (4i  Reactioni*  of  dec(/mpcmtkm  uiider 
th^  influcnccH  cjf  solution  are  not  only  rnttomd  of  themselves,  hut  have  in  recent  yeora 
been  ier.tjgniaed  by  Arrbenius,  Ostwald^  and  others^  particularly  on  the  basis  of  electro- 
lytical  deteni9.iti«LtiotJiB.  If  a  porti^m  of  tlie  molecules  of  a  solution  occur  in  a  condition  of 
decomposition,  the  other  portion  may  ociur  in  a  }'et  more  complex  state  of  coluMnatioiii 
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the  chetiiical  aflmiues  acting  in  solatioas  of  solids  becomes  evident 
from  thoGe  mnltifarioos  methods  by  which  /A<i>  «>/ff/iort^  air  d^wom- 
posedy  whether  ther  be  satiinited  or  not.  On  heating  (absorption  of 
heat),  on  cooling,  and  by  internal  forces  alone,  aqueous  solutions  in 
many  cases  separate  into  their  components  or  their  definite  com- 
pounds. The  water  contained  in  solutions  is  removed  from  them 
as  vapour,  or,  by  freezing,  in  the  form  of  ice.^  but  the  ttn^ion  of  the 
vapour  of  wai^r  **  held  in  solution  is  less  than  that  of  water  in  a  free 

just  as  the  Telocttr  of  tike  moTcoDent  of  different  gmsecos  ooWoItr^  dut  be  far  from 
bein^  the  nine  {aee  Note  ^L.  p.  tsO*. 

It  is,  therefoce,  rerr  pcobsble  that  the  resctions  tsking  pUce  in  eolation  vary  both 
gnsntitalirelj  and  qnaHtatiTelv  with  the  mates  ol  vsler  in  the  eolation,  snd  the  grest 
dilBcnhy  in  sniring  si  s  ^****"E  decision  on  the  qnestion  s«  to  the  nsxnre  of  the  chemicsl 
relstims  which  tske  pisoe  in  the  process  of  sohition  will  be  and^-rsu^od.  snd  if  besides 
this  the  existence  of  s  phrsiesl  process,  like  the  •li^^wg  between  snd  interpenetrstion  of 
two  hooiogeneoas  liquids,  be  slso  recognised  in  solution,  then  the  compk-xity  of  the 
problem  as  to  the  sctnsl  nstnre  of  scdntions,  which  is  now  :o  the  forv.  sppesrs  in  ito 
trae  light.  However,  the  efforts  which  sre  now  being  spplied  to  the  solnticHi  of  this 
problem  sre  so  nnmeroos  snd  of  such  rsried  aspect  thst  tb«T  will  offer  the  coming 
inTestigstnrs  a  rast  mass  of  material  towards  the  construction  of  s  ec>mi4ete  theory  of 
solution. 

For  mrpart,  I  think  thst  the  study  of  the  physical  properties  of  eolations  isnd 
e^wciallj  of  weak  onest  which  now  reigns,  csnnot  gire  any  fnndsmental  snd  ccvnplete 
aohition  of  the  problem  whatever  tsJthougfa  it  should  add  macb  to  both  the  provinces  of 
phjrsics  and  diemistrys  but  that,  parallel  with  it.  should  be  nnderuken  the  study  of  the 
influence  ol  iempeiature.  and  especiaUy  of  low  tempersturesv.  the  s{*plicstion  to  solu- 
tions of  the  miyhanira]  theory  of  best,  and  the  comparative  study  of  the  chemical  pro- 
perties of  solutions.  The  beginning  of  all  this  is  already  established,  bat  it  is  impossible 
to  consider  in  so  short  sn  exposition  of  chemistry  the  further  efforts  of  this  kind  whidi 
have  been  made  up  to  the  present  date. 

^  If  solutions  sre  regarded  as  being  in  a  state  of  dissociation  <  trr  fiMOtnote  19.  p.  MHt 
would  be  expected  that  they  would  ccmtain  free  molecules  of  wster.  which  fc«m  one  of  the 
products  of  the  decomposition  of  those  definite  compounds  wbo^e  formation  is  the  cause 
of  solution.  In  separating  as  ice  or  vapour,  water  makes,  with  a  ^^lation.  s  heteroge- 
neous syslem  imade  up  of  substances  in  different  ]:^yeicsl  states  similar,  for  instance, 
to  the  fcwmation  ol  a  precipitate  or  v<^atile  substance  in  reactions  of  double  decom- 
position. 

*^  If  the  substance  dissolved  is  non-volatile  i  like  salt  or  sugar  .  or  only  slightly  volatile, 
then  the  whole  of  the  tension  of  the  vapour  given  off  belongs  to  the  water,  but  if  a 
solutson  of  a  volatile  substance — for  instance,  a  gas  or  a  volatile  Uquid — e valerates,  then 
only  a  proportion  of  the  pressure  belongs  to  the  water,  and  the  whole  pressure  observed 
consists  of  the  sum  of  the  pressures  of  the  vapours  of  the  water  and  of  the  substance 
dissolved.  The  majority  of  researches  bear  on  the  first  cmse.  wliicb  will  be  s{»oken  of 
presently,  and  the  observations  of  D.  P.  Konovoloff  Utst«l  >  refer  to  the  second  ca^iie.  He 
showed  that  in  the  case  of  two  volatile  liquids,  mutually  soluble  iu  each  other,  forming 
two  layers  of  saturated  solutions  <for  example,  ether  and  water,  note  'ill.  p.  66'.  b<.»th  solu- 
tions have  an  equal  vapour  tensicHi  (in  the  case  in  point  the  teusion  of  both  is  equal  to 
431  mm.  of  mercury  at  19-»- 1.  Further,  he  found  that  for  solutit»ns  which  are  formed 
in  all  proportions,  the  tension  is  either  greater  isolations  of  alcohol  and  water i  or  less 
<fK>lutions  of  formic  acid)  than  that  which  answers  to  the  rectilinear  chanjre  <proi»ortional 
to  the  composition  I  from  the  tension  of  water  to  the  tension  of  the  sulwitance  dis- 
solved ;  thus  the  tension,  for  example,  of  a  70  p.c.  solution  of  formic  acid  is  less,  at  all 
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state,  and  th*"  femperaturA  of  U^e  formaiimi  of  w  from  solutions  is  lower 
than  0**.  Fuither,  both  the  diminution  of  vapour  tension  and  the 
lowering  of  tlie  f feezing  point  prooeeil,  at  least  in  dilute  solutions, 
almost  in  proportion  to  the  amount  of  a  sub&tuntje  dissolved.*^  Tims, 
if  per  100  grams  of  water  there  be  in  solution  1,5,  10  grams  of  common 
salt  (NaCl),  then  at  100"^  the  vapour  tension  of  the  solutions  decreases 
by  4,  21,  43  mm.  of  the  Ijfirometriii  column,  against  7<>U  mm,,  or  the 
vapour  tension  of  water,  whilst  the  freezing  points  are  — O'SH'^,  —  2'91^t 
and  —  G10°  respectively.     The  above  figures^-'  are  almost  prii|iortional 

temperHtares,  tlum  the  tension  of  wttter  luid  of  formic  acul  itaelf.  TbiiHi^  in  tluH  OHi*e  the 
tenfiioi}  of  ^i^  eolntkui  tu  never  equal  to  the  sum  of  the  tension  of  the  distsolv^inK  litiuids,  a« 
HegnAuH  alreAily  showed  when  he  distiu^iished  this  case  from  that  in  wbiph  a  mlxtun* 
cif  hquidB^  which  tire  ineolnhle  in  each  other,  evapomfces.  From  this  it  i«  evident  that  a 
mutual  ftction  octurs  in  Bolution,  which  diminiuheH  the  vapour  U^nsionH  proper  to  the 
individual  substiinees,  as  would  be  exjieeted  on  the  stipposition  of  the  fommtion  of  com- 
poondH  of  the  ilisHolving  subistance^  in  solntiona,  becattj»e  tlie  elasticity  then  always 
dJiminifiheft. 

*^  Thie  amount  in  n^tuilly  exproafwd  by  ih©  weight  of  the  aubsiance  diMolved  per  100 
partH  hy  weij^^ht  of  water.  Probably  it  would  be  better  to  e^preHR  tt  by  the  quantity  of 
the  HuhBtonee  in  a  detiinit©  volume  of  the  uotution^ — for  iiiiitaticey  in  a  litre.  I  apeak  in 
detail  of  the  different  niethodH  of  expreasiiig  tlie  compositioti  of  uolotiomi  in  the  work 
mentioned  in  iiute  Ik),  p.  ^4l* 

**  The  variation  of  the  vapour  tension  of  Holutiorifi  lias  been  investigated  by  many. 
The  bent  known  re*eftrrhe»  are  tho»e  of  W  ii  liner  Um5h-1h<5(>)  and  of  T&mnmn  (Im*?).  The 
researches  on  the  t-emiH^rature  of  the  formation  of  ice  from  varioue  Bolutionn  are  alfK> 
very  numeroUH ;  BUkJ^ii  U7H«j,  Rlidoril  (iHdJj,  and  De  CoppetllwTl)  eHtablisbed  the 
begtnnipg,  but  this  kind  of  invcHtigcktion  taket*  its  chief  interest  from  the  work  of 
R«otl1t,  begun  in  l8H*i  ou  mjueotiji  Kolutioiis^  and  ftfterwardH  continued  for  aolutiona  in 
various  other  easily-froit^n  liquidn— for  liiistiiLnce,  benxene,  C^Ht]  (melts  at  4'9(i"),  acetic 
acid,  CJK4U.J  llH'75-}t  »uid  olhert*.  An  ehpefially  important  interest  i»  attached  to  theae 
investigations  of  Raonlt  on  tlie  lowering  of  the  freezing  point,  liecauae  he  took  »oliitiomi 
of  many  well-known  carbon-compounds  and  discovered  a  wtnple  rehition  l>etween  the 
moleettlar  weight  of  the  Bubstanceti  and  the  temperature  f4  cryi*tu.lli nation  of  the 
aoivent,  which  enabled  thiu  kind  of  research  to  be  apj^bed  ia  the  inveHti^ation  of  the 
nature  of  &uh»taiu'eri.  We  uhall  meet  witli  the  application  iif  Kaimlt'h  rcHulle^  later  on, 
and  at  preaent  will  i>iily  cite  the  deduction  arrived  at  from  these  rehulth.  The  t<o]utiun 
of  one 'hundredth  purtof  that  molecular  ^ain  weight  which  correHjKindrt  wilh  the  formula 
of  a  fiuhHtauce  di^^olved  (for  example,  NaCl"»68'5,  Cali(jQ=»4«i,  Arc)  in  100  partH  of  a 
solvent  lowers  the  freezing  point  of  itet  solution  in  water  ti'lti5'-,  in  bemeene  O'^U  ',  and  in 
acetic  acid  II'^D  ,  or  twice  a»  much  as  with  water.  And  aa  1q  weak  aolcitioufi  tlie  fall  of  freezing 
point  iH  proportioiuil  to  the  amount  of  the  Nubtitance  diasolTed^  it  foUowa  that  the  fall  of 
freesing  ftoint  for  nil  other  AolntionH  may  be  calculated  from  thi«  rule.  So,  for  iiutance, 
the  weight  whieb  correKfKmdfi^  with  the  fonnuta  of  acetone^  C3U41O,  in  58;  »  aolution  con* 
ialning  'i'42,  &'!%  ami  12'^5  grauiK  of  acetone  per  100  gram»  of  water  formii  ice  (iiocordiiig 
to  tlie  determinatioiiH  of  Beckmann)  at  tl"77U  ,  i'9»0^,  and  a'SlifF.  and  theHe  flgiireB  show 
that  with  a  Bolution  containing  O'&H  grannH  of  acetone  per  llHi  of  water  the  fall  of  the 
temperature  of  the  fonnalion  of  ice  will  be  i»*l»6'^,  0  IHU  ;  ami  Ul?!!*^.  It  muttt  be 
I^Muarked  that  the  law  of  projKirtionality  b«rtween  the  fall  of  temperature  of  the  formft^ 
tion  of  ice,  and  the  componition  of  a  tolutioiif  iw  in  general  only  apiuoximate,  and  is  only 
applicable  to  weak  i>i<^dtition». 

We  will  here  reoiark  that  the  theoretical  lutereKt  of  this  subject  wa^  strengilietied 
on  the  dieooTery  of  the  eotiuection  existing  between  the  fall  of  t«futiion»  the  fall  of  the 


r^   null  a:  &i 
mmtecsaxtc  tim  iaQ«o«ct»>  n.  » 

^  TateoL  mhtmanf  Ttmt  lignic  v  ^ic  is>c  iricn.  *a>£  hk^l  acvui  nuwi  i  ii^. 
n?  lam  in  i—rw  of  uk  mt.  «sbks  ufOMLiunitaire  nth"*    W  ttrr'x**^  m.     £ 

^bmI.  imin  of  tat  xnzi  Sit  «mB&nL  4iin«iC3   iwrsutLn    r»t*«c^*wuM.     r^i» 
Bmnr  laMuiggefc  ac  taanoiaBBUB:  (f  aw  «nisiun.     T^  iUiHr*v*xi.^  ^.>ii«£  W 

•axt  saawtmrtMOL  li  iaat  moaaum.  re  riNwcTan-  x  xim  h.v^yq)::  i«-c  msOMOkM^ 
mat.  ' 

r  ^twr-wwmtms.   gmmiaii  of  »  ■rn'Maaifcof  rmuw^  ax.  ««iiiincu  TQWfe<au>f  ii:  «  wthh 

2»  A^fic-  i^BiiMtf'  frtm.  cibaerTvztnm-  or  ^Xl^  iaX  oc  Ikw  mn^fwrancv  of  i^  i.nnDBiAM«r.  Af  >m< 
if  "Oat  £■£  I  [■[■■lynnthnf  vni:  a  Aciihitica.  cvnaftazani:  1  |?r»3s.  .\f  *  ?aHA*a«-v<  |kc  ^^  |««n* 
■  Bill  W  amlEfftbett  br  tbc^  iDn*0nu«r  wipsi  aooncdoij:  y.'  i^  i^-mniu*  o^  ibe  «20>%!>a*SM^ 
■ikS  ejyatuiiiag  ibe-  veif^  c£  a  iikcue<*nk-  nf  t^  rixiWataicir  d;sASSY«d.  u>c  aixio^a  I^t 
l«r».  Tkn»  Itdbb  litr  MMnv  dftiA  icv  »€«««*.  it  »  <*Ma:  ihai  m  )U:  «  «vii»l».-«t:  cosrxiuiui^ 
1  ^noc  S^  iaL  cf  leoEfwrmsnrr  ed  llae-  irrauiSicB  of  mv  «s)tuu>  0'JU>  .  *»S  aflv^  ii.-)a)l4|^^ 
•9^  br  s^  jBOMnuar  vcnpin  5e*>^  mx^  di^-idaij:  br  1>  a.  my  haxv  t  -  1  Vr.i>.  «dR|p(tr  iutkI 
^HBT  alber  flnlMSAiim»  .axwaif  «a}&fii.  xnaimefiiiiii:  suIpixAi*,  ire  xn>i*iMy  ^  « :li:  «'!*TK>iMr 

iJiaw.  dacndHu  poAaaaim:  ioebde.  nztre,  and  oiber&.  c  li^  p>nalc>T  ihar.  1  i^i  jt«st>  iha» 
S ;  ior  — ^|i*iM'  ^  axid  h^diucAwaac  ac>d&.  sk-^dium  and  cakuais  niU>ikt<>K  asm  «>tbr4>v  i  m 
ucarlj  S;  icr  •f^»«ar»ifc  of  barimn  and  xnapieftnun  chi«>nd«!««  pota^Mun:  c^rKmaK  mmI 
iliiiiiii^li  t.  aoofdiag  to  batik  XDeikad&.  i«  |rreial<v  Uuui  i  bai  W>s>  Uuu;  iv  Thr  Ji^nh^^^ 
ill  1 1  a1  ipiTifm  of  tins  Babjfd  sfaoold  abov  miMabo-  tbew  <\>»c)n>JiM)^  arr  «^nl4iv;\  pr>)M«ra4> 
and  woold  probablr  es^plain  better  iban  tber  do  bov  Lbt>H^  r«>nuu^ikh>r  \V^rTvlaiH>ll1i» 
vbaeb  are*  azrrred  at  vitb  tbe  pramt  dala, 

^  Thaik  fad,  vbk^  was  establisbed  br  GaT-Lnivsac,  lVinAf{v  and  x .  HaKv  i»  <\M)t^ni>«d 
bj  the  laSeat  obaervaxiana.  and  enables  as  v>  ex|ve««  n^M  iMik  tb«  fall  i^  t«onNK^n  ..r    t^ 

itself,  bnt  il»  ratio  to  tbe  ies&sion  of  water  ^'    ^  V     It  tii  U^  W  ivxuarktH)  tbal  u)  tW 
<rf  an  J  rhemical  adkm.  tbe  fall  of  tenakm  is  eitber  \  er>  amalU  ««  d«^e«  noi 
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that  for  every  (dilute)  solution  the  ratio  between  the  diminution  of  vapour 
tension  and  of  the  freezing  point  is  also  a  sufficiently  constant  quantity.'^* 

The  diminution  of  the  vapour  tension  of  solutions  explains  the  rise 
in  boiling  point  through  the  solution  of  solid  non- volatile  bodies  in 
water.  The  temperature  of  a  vapour  is  the  same  as  that  of  the  solu- 
tion from  which  it  is  generated,  and  therefore  it  follows  that  the 
aqueous  vapour  given  off  from  a  solution  will  be  superheated.  A 
saturated  solution  of  common  salt  boils  at  108*4°,  a  solution  of  335 
parts  of  nitre  in  100  parts  of  water  at  115*9°,  and  a  solution  of  325 
parts  of  potassium  chloride  in  100  parts  of  water  at  179°,  if  the  tempera- 
ture of  ebullition  be  determined  by  immersing  the  thermometer  bulb  in 
the  liquid  itself.  This  is  another  proof  of  the  bond  which  exists  between 
water  and  the  substance  dissolved.  And  this  bond  is  seen  still  more 
clearly  in  those  cases  (for  example,  in  the  solution  of  nitric  or  formic 
acid  in  water)  where  the  solution  boils  at  a  higher  temperature  than 
either  water  or  the  volatile  substance  dissolved  in  it.  For  this  reason 
the  solutions  of  certain  gases-  for  instance,  hydriodic  or  hydrochloric 
acid — boil  above  100°. 

The  separation  of  ice  from  solutions  *^  explains  both  the  phenome- 
non, well  known  to  seamen,  that  the  ice  formed  from  salt  water  gives 
fresh  water,  and  also  the  fact  that  by  freezing,  just  as  by  evaporation, 
a  solution  is  obtained  which  is  richer  in  salts  than  before.  This  is 
taken  advantage  of  in  cold  countries  for  obta.inuig  a  liquor  from  sea- 
water,  which  is  then  evaporated  for  the  extraction  of  salt. 

On  the  removal  of  part  of  the  water  from  a  solution  (by  evaporation 
oV  the  separation  of  ice),  there  should  be  obtained  a  saturated  solution, 
and  then  the  substance  dissolved  should  separate  out.  Solutions  satu- 
rated at  a  certain  temperature  should  also  separate  out  a  coi*responding 
part  of  the  substance  dissolved  if  they  be  reduced,  by  cooling,  "^^  to  a 

exist  at  all  (note  33),  and  is  not  proportional  to  the  quantity  of  the  substance  added.  As 
a  rule,  the  tension  is  then  equal,  according  to  the  law  of  Dalton,  to  the  sum  of  the 
tensions  of  the  substances  taken.  Therefore,  liquids  which  are  insoluble  in  each  other 
(for  example,  water  and  chloride  of  carbon)  present  a  tension  equal  to  the  sum  of  their 
individual  tensions,  and  therefore  such  a  mixture  boils  at  a  lower  temperature  than  the 
more  volatile  liquid  (Magnus,  Regnault). 

*'  If,  in  our  example,  the  fall  of  tension  be  divided  by  the  tension  of  water,  a  figure  is 
obtained  which  is  nearly  105  times  less  than  the  magnitude  of  the  fall  of  temperature  of 
formation  of  ice.  This  correlation  was  theoretically  deduced  by  Goldberg,  on  the  basis 
of  the  application  of  the  mechanical  theory  of  heat,  and  is  repeated  by  many  investigated 
solutions. 

*^  Fritzsche  showed  that  solutions  of  certain  colouring  matters  yield  colourless  ice, 
which  clearly  proves  the  passage  of  water  only  into  a  solid  state,  without  any  intermix- 
ture of  the  substance  dissolved,  although  the  possibility  of  the  admixture  in  certain  other 
cases  cannot  be  denied. 

^  As  the  solubility  of  certain  substances  (for  example,  conine,  cerium  sulphate,  and 
others)  decreases  with  a  rise  of  temperature  (between  certain  limits — see^  for  example,* 
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temperature  ai  which  the  water  can  no  longer  hold  the  former  quantity 
of  the  substance  in  solution.  If  this  separation,  by  cooling  a  saturated 
solution  or  by  evaporation,  take  place  slowly,  crystals  of  the  substance 
dissolved  are  in  many  cases  formed  ;  and  this  is  the  method  by  which 
crystals  of  soluble  salts  are  usually  obtained.  Certain  solids  very 
easily  separate  out  from  their  solutions  in  perfqctly-formed  crystals, 
which  may  attain  very  large  dimensions.  Such  tare  nickel  sulphate, 
alum,  sodium  carbonate,  chrome-alum,  copper  sulphate,  potassium  fern- 
cyanide,  and  a  whole  series  of  other  salts.  The  mott  remarkable  circum- 
stance in  this  is  that  many  solids  in  separating  out  from  an  aqueous 
solution  retain  a  portion  of  water,  forming  crystallised  solid  substances 
which  contain  water.  A  jx>rtion  of  the  water  previously  in  the  solution 
remains  in  the  separated  crystals.  The  water  which  is  thus  retained 
is  called  the  water  0/ crystallisation.  Alum,  copper  sulphate,  Glauber's 
salt,  and  magnesium  sulphate  contain  such  water,  but  neither  sal- 
ammoniac,  nor  table  salt,  nor  nitre,  nor  potassium  chlonite,  nor  silver 
nitrate,  nor  sugar,  contains  any  water  of  crystallisation.  One  and  the 
-same  substance  may  separate  out  from  a  solution  with  or  without  water 
of  crystallisation,  according  to  the  temperature  at  which  the  crystals  are 
formed.  Thus  common  salt  in  crystallising  from  its  solution  in  water 
at  the  ordinary  or  a  higher  temperature  does  not  contain  water  of 
crystallisation.  But  if  its  separation  from  the  solution  takes  place  at 
a  low  temperature,  namely  below  —5°,  then  the  crystals  contain  38 
parts  of  water  in  100  parts.  Crystals  of  the  same  substance  which 
separate  out  at  different  temperatures  may  contain  different  amounts 
of  water  of  crystallisation.  This  proves  to  us  that  a  solid  dissolved  in 
water  may  form  various  compounds  with  it,  differing  in  their  properties 
and  composition,  and  capable  of  appearing  in  a  solid  separate  form  like 
many  ordinary  definite  compounds.  This  is  indicated  by  the  numerous 
properties  and  phenomena  connected  with  solutions,  and  gives  reason 
for  thinking  that  there  exist  in  solutions  themselves  such  compounds  of 

note  241,  m>  these  sabstADce^  do  not  separate  from  their  saturated  solutions  on  cooling 
but  on  heating.  Thus  a  solution  of  manganese  sulphate,  saturated  at  70^,  becomes  cloudy 
on  further  heating.  The  point  at  which  a  substance  separates  from  its  solution  with  a 
change  of  temperature  gives  an  easy  means  of  determining  the  co-efficient  of  solubility, 
and  this  was  taken  advantage  of  by  Prof.  Alexeeff  for  determining  the  solubility  of  many 
substances.  The  phenomenon  and  method  of  observation  is  here  essentially  the  same 
as  in  the  determination  of  the  temperature  of  formation  of  ice.  If  a  solution  of  a  sub- 
stance which  separates  out  on  heating  be  taken  ( for  example,  the  sulphate  of  calcium 
or  manganese  >,  then  at  a  certain  fall  of  temperature  ice  will  separate  out  from  it,  and  at 
a  certain  rise  of  temperature  the  salt  will  separate  out.  From  this  example,  and  from 
general  considerations,  it  is  clear  that  the  separation  of  a  substance  dissolve<l  from  a 
solution  should  present  a  certain  analogy  to  the  separation  of  ice  from  a  solution.  In 
both  cases,  a  heterogeneous  system  of  a  solid  and  a  liquid  is  formed  from  a  homogeneous 
(liquid j  system. 
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the  subatiiDce  dissolved^  f^ntl  the  solvent  or  compounds  limiilar  to  them, 
only  in  a  liquid  partly  decomposed  form.  Even  the  vohnr  of  gohitiofis 
may  often  con  firm  this  opinion.  Copper  sulphate  forms  crystals  having 
a  blue  coh>ur  and  containing'  water  of  crystallisation.  Tf  the  water  of 
crystallisation  be  removed  by  heating  the  crystals  to  redness,  a  colour- 
less anhydrous  substance  is  olitained  (a  white  powfler).  Frum  this  it 
may  be  seen  that  the  blue  cokmr  belongs  to  the  comj:>ound  of  the  copiper 
salt  with  water.  Solutions  of  copper  sulphate  are  all  blue,  and  con- 
sequently they  contain  a  compijund  similar  t^o  the  compound  formed  by 
the  salt  with  its  water  of  crystallisation.  Crystals  uf  cobalt  chlonde 
when  dissolved  in  an  anhydrous  li(|uid— like  alcohol,  fur  instance — give 
a  blue  solution,  but  when  they  are  dissolved  in  water  a  red  solution  is 
obtained.  Crystjtls  from  the  aqueous  solution,  acconling  to  Professor 
Potilitzin,  contain  six  times  as  much  water  (CoOl^^GH.O)  fivr  a  given 
weight  of  the  salt,  as  those  violet  crystals (CoClajHoO)  which  are  formed 
by  the  evaporation  of  an  alcoholic  solution. 

That  solutions  contain  particular  compoutids  with  water  is  further 
shown  by  the  phenomena  of  supersaturated  solutions,  of  so-called  cryo- 
hydrates,  of  solutions  of  certain  acids  having  constant  Imiling  points, 
and  the  properties  of  compounds  containing  water  of  crystallisation 
whose  data  it  is  indispensable  to  keep  in  view  in  the  consideration  of 
sitlutions. 

The  phenomenon  of  super^iat orated  solutions  consists  in  the  follow- 
ing r — On  the  refrigeration  of  a  saturated  solution  of  certain  salts, "^^ 
if  the  liquid  he  biought  under  certain  conditifms^  the  excels  of  the  solid 
may  sometimes  remain  in  soliitiim  and  not  scpai-ate  out.  A  gt'eat 
numWr  of  substances,  and  especially  sodium  sulphate,  Na^SOi,  or 
(Hauberks  salt,  easily  form  supersaturated  solutions.  If  boiling  water 
l>e  saturated  with  this  salt,  and  the  solution  lie  poured  oil'  from  any 
remaining  undissolved  salt,  and,  the  Ijoiling  being  still  eiintinued,  the 
vessel  holding  the  solution  be  well  closed  I >y  cotton  wool,  or  l>y  fusing  up 
the  vesselj  or  by  covering  the  solution  with  a  layer  of  oil,  tlien  it  will  be 
found  that  this  saturated  solution  does  not  separate  out  any  Glauher^a 
salt  whatever  on  cooling  down  to  the  ordinary  or  even  to  a  much 
lower  temix'rature  ;  although  without  the  above  precautions  a  salt 
separates  out  on  cooling,  in  the  form  of  crystals  which  contain  water  of 


^  Tho*e  Milts  which  »eparute  out  with  water  uf  cry stfllli Mill iuii  Itirm  t4uper(9atllr«tt^d 
floluiionfl  with  the  greatest  facilityv  tuid  the  phenrjmenon  is  iniiich  more  common  thnti 
Win*  before  imagined.  The  first  thitd  were  given  in  the  liiat  century  hy  Loewitl,  in 
St.  Peteri*ljnrg;  Nuraeroiis  researches  have  proverl  ttmt  hupersiituriited  solutiona  do  not 
differ  from  (irdinarj'  !»o1ution»  in  any  of  tlieir  es»ential  firoperticft.  The  vant^iioii  of 
H|>ecitir  gnivity^  viipoiar  tenKion,  forniatioD  of  ice»  Act  l*tko  place  iw?cordiiig  to  the  ordiniury 
lawK. 
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crystallisation  to  the  amount  of  NagSOijlOHjO— that  is,  180  jmrts  of 
water  for  142  pai-ts  of  aahydrous  salt.  The  supersaturated  solution 
may  be  moved  about  or  shaken  luside  the  ve>i.sel  holding  it^  and  no 
crystallisiition  will  take  plate  ;  the  SJilt  remains  in  the  solution  in  as 
large  an  amount  as  at  a  higher  temperature.  If  the  vessel  holding 
the  supersaturated  solution  be  opened  and  crystals  of  Glauber's  salt  be 
thrown  in,  crystallisation  suddeidy  takes  place/'''  A  considerable  rise 
in  temperature  is  noticed  during  this  rapid  separation  of  crystals,  which 
is  explained  by  the  salt,  previously  in  a  liquid  state^  passing  inti*  a  solid 
state^  by  which»  as  is  known,  latent  heat  is  evolve*!  This  somewhat 
resembles  the  fact  that  water  may  be  cmded  l>elow  0^  (even  to — 10*^)  if 
it  he  left  at  rest,  unrler  certain  circumstances,  and  evol\es  beat  in 
fittddenly  crystallising.  Although  from  this  point  of  view  there  is  a 
resemblance,  yet  in  reality  the  phenomenon  of  supersaturated  solutions 
is  mucli  more  complicated.  Tiius,  on  coolings  a  saturated  solution  of 
Glauber's  salt  deposits  crystals  containing  Ka^SO^jTH^O/^^'or  126  partiS 


^  Imwinnch  ah  iiir,  an  has  been  »howii  by  direct  ex[>erLnient,  cantains,  Althr>uj4;h  in 
very  timall  qaantitieeit  minute  cryftUla  of  K&tiii,  lUid  iunon^^  Uiem  of  KCKiinm  sulpbfttc,  niv 
OSXk  bring  ttboui  the  cry^i^tAlli^iktion  of  a  sftturate<i  solution  of  fuxlium  i^ulphate  in  an  open 
TBiBel,  bat  it  hoano effect  on  witurmted  fiolytion*  nf  certiiin  otbpr  waUs;  for  exaimple^  lend 
tcetate.  According  to  the  ob^ervatiuiiti  i>f  D*i  Boiftbaudran,  (femez,  and  others,  iwjmot"- 
l^icmi  «ftlt«  (oiuJogotitt  in  composition)  arc  capable  of  evoking  crysto-lliE^tion.  TbuH,  a 
WipWMitqTftted  BoLution  of  nickel  ftolphAte  oryHtAllises  by  coDtaet  with  er^Ktals  of  siiJ- 
pbates  of  other  metaU  anaJoii^us  to  \t^  »iich  ah  thone  of  nni^e^ium,  rotmlt,  uoppur,  and 
miknganei^.  The  cry »talli tuition  of  &  AuperHfiturated  M:4ution,  broujprht  nbdut  by  the  con- 
Hu^i  of  amitiate  cryatal,  starts  from  it  in  rays  with  a  definite  velotity,  and  it  i»  evident 
tiiAt  the  crystolB  ab  they  form  propagat'O  the  cry«talH»ation  in  definite  tlirectionti.  This 
pibtttumietion  recalls  the  evohition  of  orgnniHrnK  from  gormB.  An  attmction  of  fttmilar 
nukl^eilles ensneSf  and  they  diii{xiHe  tliemi^elveti  indefinite  Himilur  formH, 

^  In  these  day»  a  view  ii^  very  generally  accepted,  wliich  regards  KuiH^riMLtn rated 
ioltttiona  u  homogeneous  systems,  which  pass  inir>  heterogeneous  systemi  (eoni|HiN»d  of 
a  liquid  itnd  a  sohd  stib«tance|i,  in  all  rewpectR  exitctly  reticmbling  the  pasMge  of  water 
cooled  below  its  freering  point  int-D  h**  and  water,  or  the  panisiige  of  crystalH  of  rhombic 
sulphttr  into  roonoclinic  cryHtals,  and  of  the  monn^linic  cryKtal»  into  rhombic.  Although 
m&ny  phenomena  of  HUlw?r«atnratiori  Are  thus  clearly  miderwtood^  yet  tb*»  flpontaneouiR  for- 
mnXitin  of  the  unstable  bepta-h  yd  rated  salt  (with  7H|G),  in  the  place  nf  the  more  triable 
deca-hydrated  salt  (with  root^  lOH^Os,  indicntes  a  proj>erty of  aftntnrated  stdution  o!  nodiiim 
•olphatci  which  obliges  one  to  admit  that  it  has  a  different  Htructure  form  an  ordinary 
fiolnftioD.  StcherbachelT  afl^rms,  on  the  btiKia  of  bin  res^arcbe^,  that  a  solution  of  the 
deoib- hydra  ted  s&tt  gives,  cm  evaporation,  without  the  *ud  of  heat,  the  deca-hydratetl  satlt, 
whilst  aft^r  heating  a^iove  aa  it  fonns  ii  supersnturated  solution  and  the  bepta-bydrated 
aalt«  w^hich  gives  reason  for  thinking  that  the  Atate  of  jsalts  in  HUpersatn rated  Hobitions 
is  different  from  that  in  ordinary  uoltjtious.  But  in  onler  that  this  view  sbmild  be 
sicsoepted,  t»ome  «igna  must  be  dmcovered  diBtinguiHliing  >ioltitionis  f  which  are,  according  to 
this  Tiew,  Isomeric)  containing  the  hepta-li  yd  rated  Halt  from  tbime  ctmlaining  the  deca- 
hydraied  aalt^  and  all  efTorta  made  in  thi^  direction  {the  study  of  the  |noiwrtief»  of  the 
soltttiotis)  liave  given  negative  results.  Kurtliert  according  to  this  view,  otie  would  <*X|»ect 
tll«t  all  HUiwraaturated  wiUitions  would  contain  particular  fonns  of  crystallobydrate»^ 
and,  although  tluK  is  possible,  yet  up  to  now  nothing  of  the  kind  ban  been  obt*er>ed, 
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of  watiT  per  142  parts  of  anhydrous  salt,  and  not  180  parts  of  water,  as 
in  the  above-mentioned  salt.  Further,  the  crystals  containing  TH^O 
are  distinguished  for  their  instability  ;  if  they  stand  in  contact  not  only 
with  crystals  of  NaoSOj^POHyO,  but  with  many  other  suhstances,  they 
iniraediatcly  become  opaque,  forming  a  mixture  of  anliydrous  and  deca- 
hydrated  salts.  It  is  evident  that  between  water  and  a  soluble  sub- 
stance there  may  be  estahlisj^ed  different  kinds  of  greater  or  less  stable 
equilibrium,  of  whicli  sulutions  form  one  aspect,*'^ 


ttttd  one  miiKt  tbiiik  that  ilw  eoiinection  with  tho  fusilnlity  of  the  decahydmtetl  ^It 
(mid  c»f  nil  wilts  which  easily  give  ftuperHaturnted  Bolutioiin  and  are  cnpiiblo  of  fornnng^ 
severtil  cVyHtallohydr*iteii|,  and  with  that  deeomjxjiirtion  fformiitlrrti  r»f  Ih*?  anhydi^mfi 
fialt,>  wliirb  the  decrtdi  yd  rater!  nalt  Hiiffers  or  melting — playn  itH  part  herfi.  Aw  same 
cry-^titUoliydrat4*»  of  aults  (almuH,  Hu^ur  of  lead*  eulciuni  chloridi?)  melt  without 
d€«cora|»r>wiiig,  wliilKt  olhery  (like  Xii-jSOi^HmO)  are  dt^LfinipoMcd,  then  it  may  b«  that  the 
ktterare  only  in  a  htate  uf  eqiiililiriuin  at  a  higher  teinperatur*^  thitn  their  melting  jxiitit. 
Did  experiment  hUow  that  the  lie pta- hydra t*id  nalt  began  to  crystallise  helow  X:^'',  nnd 
that  then  nnly  tlu?  eryrttalHgrfm,  thttiull  the  d»ta  eonceniing  HUjien^itorHLbed  Holtition^of 
sodiirni  unlphiite  tiould  he  explHiited  exflusively  in  the  »eD»e  of  a  super-cixding  eHect. 
At  ]>ri?'t«;nt,  however,  theA©  qii<?>4titni«,  nc^twitliKUinding  the  infLfm  of  research  to  which 
they  have  been  Hubjeirted^  t^unnot  be  connidered  as  fully  re»wlved.  It  may  here  be 
ob»erve<l  that  in  melting  rrystals  of  the  deea-hyd rated  Malt,  there  im  formed,  befiid<*<L 
the  solid  anhydrous  haU,  a  »atui'jited  rtolutinn  giving  the  hepta-hydrated  ^iolt,  »o  that  this 
pannage  frnni  the  deca-  to  the  lieptjih  yd  rated  wilt,  and  the  reierfte*  takes  pljuce  with  the 
formation  of  (he  anhydrous  (or  it  may  be,  mona-hydrated f  salt. 

The  re*M?4irc'heH  of  Pickering  (1»87)  mi  the  amount  of  heat  which  ift  ovolTed  in  the 
licilulion  of  hydrous  and  anhydrouH  HultH  at  different  temperature!*,  give  retinoii  to  ihit^k 
that  at  a  lertain  temperature  no  heat  will  he  evolved  in  the  combination  with  water;  that 
iw^  that  probably  suoh  a  combiiirttion  will  not  take  place.  Thus  106  graniN  (l]m  molecular 
weight  ill  gTiUns)  of  auhydrtniH  HtMlinni  earboiiate,  Na.jCO.t.T  in  di(*«olving  in  7,*2tXl  grams 
(  =  4m>  H.jO)of  water,  evolve  l,n(l(t  rakmeH  at  i\  5,000  at  H\\  and  5,H'Ai  tulnries  at  25'^  (in 
otlier  casen  the  heat  *.* vol ved  in  Holuiion  aiwf)  increawen  with  a  rine  of  teuiperature).  U^ 
however,  the  cryKtsdltv hydrate,  Nttr,CO-, » IDH^O,  be  taken^  then  (for  the  same  quantity  of 
aidiydrous  nalti  an  ab^+orptiou  of  heat  in  observed  ;  at  l^  l(s;J,'iO,  at  U\'  -  mjoO,  and  at 
2r»  -  —  IIJ,HCK1  iiilorieK,  As  in  this  eawe  a  i>ortion  of  the  heat  absorbe<l  i»  due  to  the  fact  that 
the  water  oliTy stall isation  taken  in  a  i^olid  state  appears  iu  a  liijuid  Kt>ile,  Piekeringsub- 
trnetK  the  latent  heat  of  liquefaction  n1  iee,  and  obtains  in  the  given  ease  at  4°-  1^700,  at 
HV  —mvO,  and  at  an  '  -  11  cftlorie«.  From  this,  the  heat  of  the  formation  of  the  cr}'9taUo- 
bydrate,  or  the  heat  evolved  by  the  combination  of  Na-jCO^  with  10H,jO,  may  be 
calculated  (by  Hubtraetiog  the  fonner  {juantitieM  from  the  firnt).  At  •*-  it  ib  equal  to 
+  C*0O0,  at  lit  +.i,Ht)U,  at  25  +  SX'"  ealoriea;  that  iii,  it  difttinetly  deerea^en,  although 
but  ftlightly,  with  the  rise  of  temiH-rature,  It  may  \w  that  for  Xtt.2SO|  at  88^  the  beAis 
of  thefonnation  of  4  lUH-jO  and  IfL^  differ  hut  very  wlightly^ 

•'*'  Emuhiouif,  like  milk,  are  t'onq>t)i*ed  of  a  flolution  of  ghitinous*  or  like  tmbataiiceSf 
or  of  oily  liqnidti  HUB|H.nided  in  a  liquid  in  tlie  fomi  of  dr«pH,  which  are  clearly  viaihle 
under  a  niirmHcope,  and  fonn  an  example  of  a  niechaiiieal  fonnation  which  reHemblera 
Holutiou;^.  Bnt  the  diflereiu;e  from  Holutioim  ia  here  evident.  There  are,  however, 
Holutieus  whirh  iipproacli  very  near  to  eniuUiouM  in  the  facility  with  which  theaobfttiwice 
dis*iolved  »iv|mrate-;  from  them.  It  ha»  long  been  known,  for  examph],  that  a  particulftr 
kind  of  Pruhf^iun  blue,  KFe.jfCN)rt,  disBolvee  in  pure  water,  but,  on  the  addition  of  the 
emalteHt  quantity  of  either  of  a  numl>er  of  aaltw,  it  curdles  and  become«  quite  ineolnble. 
If  cojiper  Nulidiide  (CuS),  eadminin  sulphide  (Cd8)j  arsenic  liulphide  (A^nS^),  and  many 
otli*^r  mL'tiilhi.'  Hulphidep.,  be  obtained  by  a  method  of  double  decomposition  i'hy  pi-eeipi- 
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Jiltion5  of  salts  on  refrigeration  helow  0^  deposit  ice  or  crys- 
( which  then  usually  contiiin  water  of  crystallisation)  of  the  salt 
^Lssolvecl  /ind  on  arriving  by  this  means  at  a  certain  degree  of  con- 
centmtifin  they  solidify  in  tbeii*  entire  ,nmss.  These  solidified  masses 
are  termed  cryohjdrat^if.  My  researches  oti  solutions  of  common  salt 
(1868)  showed  that  its  solution  solidilies  when  it  reaches  a  composition 
NaCl4-10H/J  (180  parts  of  water  per  58-5  parts  of  salt),  which  tjikes 
place  at  about —23*.  The  solidified  solution  melts  at  the  same  temper- 
ature, and  both  the  portion  melted  and  the  remainder  preserve  €he 
.hVki ve  composi  tioi  i .  i  i  u  t  h  r ie  ( 1 H  7  4  - 1 8  7  (j  )  oh  tai ned  the  c  ry oh  y d  rates  of 
many  salts,  and  he  showed  that  certain  of  them  are  formed  at  com- 
parativeJy  low  temperatures,  whilst  otliers  (for  instance*  corrosive 
Hublimate,  nlums^  potassium  clih^rate,  and  various  colloids)  are  formed 
on  a  s*li^ht  cooling*  to  —  2^  or  even  before,  and  that  these  contain  a 
very  large  amount  of  water.  One  can  easily  imagine  that  these  two 
series  of  cryohyd niters  differ  considerably  from  each  other,  but  the  in- 
sufficiency ''f  the  existing  data'*^  does  not  permit  of  a  true  judgment 
being  formed.     Nevertheless,  in  the  case  of  common   salt,  the  cryo- 


aiklt*  of  thesip  melAU  by  hydmgt?ii  stilphida).  und  Iw  then  carefull)^  waahfid  (by 
•iUoirilig  Ibe  iirecipiUle  to  Rt<ttlet  [Hmring  off  the*  h<iiiid,  and  again  uddin}?  tsulivhim'Ued 
h^rdrfitgvn  wiiterl,  then,  an  wa^  shijwn  by  Hclmlztv,  Sprinp*  Prost,  and  othera,  tlie  pre- 
WoQiily  inaolable  Mulp]iidt*fi  prts«  into  tranNimrent  ^fi>r  mercury,  lf?ad,  and  silver,  reddinh 
brpivu  ;  (or  cop|)er  and  iron,  jfreenthh  brown  ;  for  L-udmimo  und  xndiumt  veMow  ;  and  for 
i3tu%  cobjorlejis;!  t«olntiottN,  wliich  rauy  hti  prt^Heirvt'd  (the  wt?Hker  tlwy  it  re  thu  lonjfer  they 
k««p|l  tind  even  Innled,  but  M'liich,  nevertbeleHs^  in  time  bec^ome  curdled — thiit  iH,  nettle 
in  an  ittf»ollible  fonn.  rtfid  then  fto«u;tii«f;H  bfirnnjti  cryHtalliriifl  and  quitu  incAprtble  of 
re^tMR>lvit)g.  Gnihioti  and  itthtTrt  observed  the  power  tihown  by  eolloids  [see  note  iH)  of 
fmnuiiig  filmiUr  hytlro»ola  ursotutiomt  of  gt*l<iti}iou9  colloid*,  luid,  in  describiDg  iLlumiJUk 
And  AtUcA,  we  shall  liave  oceuHiou  to  f(})eak  of  euch  solutious  onc<?  more. 

In  th«  exiiitiiig  state  of  oar  knowlelgt*  t'oncerning  solution ^  »\ich  solutionn  may  be 
knikeid  on  a»  a  transition  Iwtween  emtikion  and  Dtdiimry  MolutionH,  but  no  futidamtimttd 
jodgmetit  can  be  toriued  about  them  ujitil  a  study  tiua  1>«^|j  iiiade  of  their  relatione  to 
Ofdiniinr  solutions  Uhe  solutions  of  even  soluble  eolloidM  freeze  imniediHtfly  on  cooling 
belcyw  iy\  and,  according  to  Outlirie,  do  not  form  cryohydratea),  twiid  to  Huporiiaturated 
wDtntioas,  nrith  vthicb  they  bavt»  certain  poiutK  in  common. 

*•  Ofiter  (li*«iO)  concludes,  from  hi»*  resMjarche**  on  cryoliydrateB,  tlmt  they  are  iiimple 
ndixtnresof  ice  and  Milt  t<>.  busing  a  coiiBtaiit  nieltin^^  |Kriut,  jutit  tis  there  are  allloys  having  a 
cdvifitant  point  of  fusion,  and  nolutioiiHof  liquidH  with  a  cotintaiit  boiling  point  [uee  note  tR)), 
Tlti*  doe»  not.  however,  explain  in  what  form  u  salt  ia  contained,  for  im^ULuee^  m  the 
t^ryahydraie,  NuCl  -  lOHjO.  At  temperatures  above  -  ll>^  common  salt  separates  ont  in 
anliydroQs  cryBtaU,  and  at  temperatures  near  —10*^',  in  combination  with  water  of 
crj'ntaHiMitiou,  NttCl  +  iH;0,  atid,  llierefore,  it  i«  very  improbable  that  at  Htill  lower 
t(»ifi|trniture»  it  wouUl  it«»paraie  withnut  water*  If  the  possibility  of  the  solidified  eryo- 
hydrate  containing  NaCl  +  dH^fO  and  it!e  bi*  admitted,  tlien  it  i**  not  clear  why  one  of 
ibe««*  t^ubMtances  doei*  not  mctU  b«'fure  the  othvr.  If  aIc<ihol  doe»  not  extract  water  from 
the  snlid  mann,  leaving  the  Malt  Ixshind,  tlit»i  doeu  not  prove  the  presence  of  ice,  Wcuuae 
alcohol  itlso  take^  up  water  from  the  crysialH  nf  many  hydrated  subatances  |for  instance, 
from  NaCl  +  2H,iO)  at  about  their  meltiug-pointt*.  CeKidea  which,  a  mm^de  observation 
on  ih«  cryohydraie,  NaCI  ^  lOHjO.  shown  thai  with  the  moat  careful  cooling  it  does  not 
VOL.    I.  II 
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hytlrate  witli  10  molecules  of  wat^r,  and  in  the  case  of  sodium  nitrate, 
the  cryohydrate '^'^  with  7  luoleculea  of  water  (i.e. ,  126  parts  of  water 
per  85  of  .salt)  sliould  I  jo  accepted  as  estahlislied  .substances,  capable  of 
passing  from  a  solid  to  a  liquid  state  and  ccjiiversi^ly  ;  and  therefore  it 
may  be  thouglit  that  in  cryohyrl rates  we  ha%^e  solutions  which  are  not 
only  undeeompoaable  by  cold,  but  also  liavea  detinitecompo.sition  which 
would  present  a  fresli  case  of  deliiiite  equilibrium  between  the  solvent 
and  the  substance  dissolved. 

The  formation  of  detinitc  but  unstable  compounds  in  the  process  of 
solution  becomes  evident  from  the  phenomena  of  a  marked  decrease  of 
vapour  tension,  or  from  the  rise  of  tiie  teiaperature  of  ebullition  which 
occoTH  in  the  solution  of  certain  volatile  li(]uids  a>tid  gases  in  water.  As 
an  exarnple,  we  will  t^ke  hydricKlic  acid,  HT,  a  gas  which  liquefies  on 
a  very  considerable  reduction  of  temperature,  giving  a  Hquid  which 
boils  at  -  20"^.  A  solution  of  it  containing  57  p,c.  ot  hydr iodic  acid  is 
distinguished  by  its  great  stability.  If  it  be  evaporated  by  heating, 
tlie  hydriodic  acid  volatilises  to^Lj^ether  with  the  water  in  the  same 
proportions  as  they  occur  in  the  sulutinn,  so  that  the  gas  passes  off 
together  with  the  aqueous  vapour,  and  therefore  stich  a  solution  njaybe 
distilled  unchangeil,  for  the  distillate  will  contain  the  snme  prop:*rtion 
*>f  liydriodic  acid  and  water  ns  was  oiiginally  taken.  The  solution 
boils  at  a  higher  temperature  than  water.  The  physical  ptopi?rties  of 
the  gas  and  water  in  this  case  ab'eacty  disappear  ;  there  is  formed  a 
stable  compound  between  water  and  the  gas,  a  new  substance  which 
has  its  detinite  boiling  point.  To  put  it  more  correctly,  this  is  not  the 
temperature  of  elmllition,  but  the  temperature  at  wdxich  the  compound 
formed  decomposes,  forming  the  vapours  of  the  products  of  dissociation, 
which,  on  cooling,  re-combine.  The  above- described  aqueous  solution 
boils  at  \tl7°.  Should  a  less  amount  of  hydriodic  acid  l>e  dissolved 
in  water  than  the  above,  then,  on  heating  such  a  solution,  water  only 
will  at  first  be  distilled  over,  nntil  the  solution  attains  the  above- , 
mentioned  comptrsition  ;  it  will  then  clistil  over  unaltered.  If  more 
hydnodic  acid  be  passed  into  such  a  eolution  a  fresh  quantity  of  the 
gas  will  dissolve,  which,  liowever,  may  be  very  easily  removed.  It 
must  not,  however,  be  thought  that  those  forces  which  detennine  the 

on  the  addition  of  ic«  depDHit  ice,  which  would  occur  if  ice  in  intermixture  with  the  iialt 
were  formed  mi  mnVidiMcniion^. 

I  may  itdd  with  regard  io  eryohydrat-eR  that,  in  invegtigiiting  aqueous  Rolations  of 
iilcnhol  (ootf  W),  I  eoncludedt  on  the  busiH  of  the  specific  Kruvity,  that  a  compound, 
CaHfl,0-f  laH^O,  existed,  and  a  solution  t«f  thin  compotiition  completely  BuHdifieftou  cool- 
ing to  —  ao^,  formini^  well- formed  cryHtalw,  which  melt  tvt  about  -  W'\  iv$i  wita  shown  by 
obBervAtkimi  mode  hy  W.  E.  Tifithenko  wnd  myself.  This  definite  comiKiund  remiudti 
one  of  cryohydrates  tn  mtmy  respects. 

A>  8^  note  24. 
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fonn!ition  of  ordinary  gaseous  solutions  play  no  part  whatever  in  the 
Ibrroation  of  a  solution  having  a  detinite  hoiling  point  ;  that  they  do 
act  is  shown  from  the  fact  that  such  constant  gasevms  solutions  vary  in 
their  composition  under  different  pre^sures/'*^     Tliorefore,  it  is  not  at 

^  For  this  xeason  (the  want  of  entire  cionstiiLiic^  of  thecompottition  of  constAiii  boiling 
solutions  Willi  n  ehiiui;e  of  prtti$&ure)  ^atiy  ilf^ny  the  exinteiice  nf  d^flnite  hydrates  form«ct 
by  volatile  ftiitistaiiceB — for  itistitiice,  by  hydro :.'hkirie  acid  und  water.  Tliey  ^eiieraBy 
«ir^e  Hs  foUowB:  If  there  did  t'xist  «  efm^tiiiicy  of  composition,  then  it  would  not  Ihb 
ftlterect  by  a  fhnnjre  of  presaunt.  Bnt  the  distilhition  of  constant  iHiihng  hydrates  is  un- 
dnohtedly  accompauitHl  I  jndmnujjr  by  the  Viiponr  denaitic;^  determined  by  Bineaul,  like  the 
diftttUation  of  ftttl-umuiunitM ,,  nulpburic  aoid,  itc,  by  an  untire  deeompoHition  of  the 
preTiouft  compound — that  is,  these  i^ubstani-es  do  not  exist  in  a  aUite  of  vaiM:mr,  but 
their  product;*  of  decomposition  {hydToohloric  ucid  and  water)  are  gai*es  at  the  temperti- 
tore  of  volatiliiMitioiJ,  which  diftsolye  in  the  volatilined  and  condenM?d  liqnidn ;  bnt  tho 
solubility  of  leases  in  liquidH  dopcndn  *;in  the  prvBHUr*?,  and,  thert'fore.  the  com|>osition  of 
constant  boiling  soIotionK  may.  and  even  onght  to,  vary  with  a  change  of  presftnre^  and, 
tartheft  tlie  stmuHer  the  prcssnre  and  the  lovver  the  temperature  of  volatilisation,  the 
mor*!'  likely  is  a  true  compound  to  be  obtained.  According  to  th«J  researchew  of  HoiuxKn 
aitid  Dittmar  (lH5i*|i,  the  cont<,taHt  Ixnlinp  Holution  of  hydrochloric  acid  proved  to  contain 
18  p.c  of  hydrochloric  aci<l  at  a  preNMure  of  1i  atmoHpherei^,  W  p.c.  at  1  atm»Hpher«, 
and  23  p.c.  at  Vr.  of  an  atmowphere.  On  pawKing  air  through  th<?  solution  until  its 
compOHition  became  consteint  {i,e.,  forcing  the  exceaa  of  aqueous  vapour  or  of  hydro- 
cbloric  acid  to  patwi  away  with  the  airj,  then  acid  was  obtained  containing  abmit 
90  p,c.  at  100%  about  23  p,c-  at  RO-';  and  abont  ar»  p.c.  at  0%  From  thiK  it  i«  wen 
that  by  decreasing  the  preKKtire  and  lowering  th€?i  temperature  of  tnaporation  one 
axrive«v  at  the  aame  limit,  where  the  conipoHition  Bhould  be  taken  an  HCl  +  ftHaC  whidi 
requires  25'26  p.c.  of  hydrochloric  aoid.  Fuming  hydrochloric  acid  contains  more  than 
this. 

The  mo*t  important  fact  in  evidence  of  the  eTti»tence  of  de&nite  com|«>undH  in  at^idd 
Ixtiling  at  a  constant  temp^^rature  in  the  fall  of  tension.  The  j^tikA  loMts  ita  ten^iou,  doen  not 
follow  the  law  of  Henry  ajid  Daltoii  with  a  diminotioii  of  preftaure ;  its  solution  o  ily  partu 
with  water;  the  va|x>ur  ten^iion  of  a  volatile  liquid  in  Nohitinn  ii^  leas  than  it^  own  or  that 
ci  the  water  combined  with  it.  Tliis  losft  of  tension  tw  a  loss  of  inovenieul  brought  abotit 
by  the  action  of  tlie  attraction  existing  between  the  wat^?r  and  the  (4ub§tanc«  di»iiolved.  In 
th<*  case  already  considered,  iin  in  the  ca&e  of  formic  acid  in  the  re»earche»  of  D,  P. 
Konovaloff  (note  47),  the  ixui Nt ant  boiling  Kolntifni  correapondB  with  a  minimum  tension^ — 
thai  is,  with  a  ))oihng  point  higher  than  that  of  either  of  the  component  elements.  But 
there  ie  another  case  of  constant  boiling  solutions  Himilar  to  the  eawc  of  the  tiohition  of 
propyl  alcohol,  C^H^O,  when  a  ftolution,  unde<'oniiKifM?d  by  dii^tillationr  hoiU  at  a  lower 
point  than  that  of  the  more  volatile  liquid.  However,  in  this  ca&e  rtl»o,  if  there  bo 
sciltttion,  the  posaibtlity  cannot  be  denied  of  the  formation  of  a  definite  comjKJund  in  the 
fartn  C^HiO  -  H-jO,  and  the  t^nnion  of  the  »nhition  is  not  equal  to  the  huui  of  tenKions 
at  the  component**.  There  are  p»ofisible  rftHeHofconHtant  boiling  mixtures  even  when  there 
ta  no  Midution  nor  any  Iohm  of  teneion,  and  con^Me<]uently  no  chemical  action,  because  the 
lUnoant  of  Itquidii  that  are  volatilij^d  in  determined  by  the  product  of  the  va^xDur  densitiea 
into  their  vapour  tensioui}  (Wanklyn),  in  consequence  of  which  liquids<  whoiie  boiliug 
point  if  above  ItK)^ — for  instance,  turpentine  and  ethereal  oil**  in  general — wlwjn  dintilled 
with  aqueoufei  vapour,  pa«s  over  at  a  temperature  below  100^.  Consetpiently,  it  is  not  in 
the  cOKkataney  of  compoftitii^n  and  boiling  point  (tempierature  of  dei?umi>oHition|  that  the 
liignti  of  A  clear  chemical  action  §>^hould  be  seen  in  the  ub^jve-det^ribtid  Rolutionn  of  acidH^ 
but  in  the  great  lo-%s  of  tension,  which  completely  reHemhles  the  Iorh  of  tension  ob- 
•ervecl,  for  instance,  in  the  [lerfectly-definite  combinationt«  of  BubstanceH  with  water  of 
Cfy^tailiaation  i*ee  later,  note  05),  Sulphuric  arid,  H.^SO^,  a^  we  shall  learn  latep,  is  alao 
dacompoMd  by  distillation,  like  HCl  r  BH^jO,  and  exhibits,  moreover,  all  the  signs  of  a 
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every,  but  only  at  the  ufdinftry,  atiiiospheric  pressure  that  a  coiistjint 
hoi  ling  solution  of  hydriodic  acicl  will  contain  ^u  p.c.  of  the  ga**.  At 
un other  pressure  the  proportion  of  water  and  hydriodie  acid  will  he 
ilifferent.  It  vaiies,  however,  judging  from  observations  made  by  Rrrscoe, 
very  little  for  consider  aide  variations  of  pressure.  This  variation  in 
composition  flii^ctly  iniiii'ates  that  pressure  exerts  an  intliience  on  the 
formation  of  unstable  eheinical  cum  pounds  which  are  easily  dissociated 
(with  formation  of  a  gas),  just  as  it  indiiences  the  solution  of  gases, 
oi dy  the  latter  is  influenced  to  a  moi-e  considerable  degree  than  the 
former/*'  Hydrt>ehlonc»  nitric,  and  other  acids  form  ttolntio7i»  havim/ 
definife  hi ^Uififf  point li^  like  tliat  of  hydriodic  acid.  They  show  further 
the  common  property,  if  containing  l)ut  a  small  proj)ortion  of  water,  that 
they/?^7/i'^  in  nir.  Strong  solutions  of  niti-ii',  hydrochloric,  hydriodic, 
and  other  gases  are  even  termed  *  fuming  acids.'  The  fuming  liquids 
contiin  a  definite  compound,  whose  teuiperature  of  ebullition  (deeom- 
position)  is  higher  tliati  100%  and  contain  also  an  excess  of  the  volatile 
substance  tiissolved,  which  (the  substance)  exhibits  a  capacity  to  com- 
bine with  water  and  fcirm  a  hydrate,  whose  vapoui'  tension  is  less  than 
that  of  aqueous  vapour.  On  evaporating  in  air,  this  dissolved  substance 
meets  the  atmospheric  moisture  and  forms  a  visible  \  apour  (fumes)  witli 
it,  which  cousists  of  tlie  above-njentioned  compound.  The  attraction 
or  affinity  which  Vjinds,  for  instance,  hydriodic  acid  with  water  is 
evinced  not  only  in  the  evolution  of  heat  and  the  diminution  of  vapour 
tension  (rise  of  IwDiling  point),  but  also  in  many  purely  chemical  rela- 
tions. Thus  hydrio<lic  acid  is  prtwluced  from  iodine  and  hydnogen 
sulphide  in  the  presence  of  water,  but  unless  water  is  present  this  re- 
action does  not  take  place.*^^ 

definite  chemical  t?omi>tniiiicl.  The  tttudy  of  the  variation  of  the  KpcH'ifie  gruvitie**  of 
AolutioiiH  uH  dp]>ond(?iit  on  their  composition  [see  note  IJJl  whows  thiit  iihenom^nu  of  a 
H\milHr  kind,altboiig:h  of  different  diinenHiotiH,  tuke  pliuc  in  the  fnrnmtion  of  both  H.SOj 
from  H.fO  and  SO3,  and  of  HCl  -  iSHX}  ipt  c^f  iu|MeoUK  Kolutinfm  HnalogouH  to  it)  from  HCi 
and  HjO. 

*'  The  eBsence  of  the  mntter  nifty  Ix*  tlmHrepri'Hviited,  A  PmbHlnnne  A,  either  gaseous 
or  eaHily  volatile,  formw  with  u  certain  qnantity  of  water^  mHjO,  a  definite  complex  t'om- 
pound  -IftHrfQ,  which  is  stable  up  to  a  teiajierature  t  htj^herthan  KKV.  At  tliiu  tempera - 
tare  it  ift  decom[torte(i  into  two  saubstances^  A  +  H.^O,  Bnth  boil  li^elow  /^  at  the  ordirmry 
prvKBure,  and  therefore  at  t^  they  distil  over  and  re-crvndjiue  in  the  receiver.  But  if  u 
part  of  the  wnb.Htnni:?*?  JijH.|0  in  dofompoHecl  or  volatilisiM;!,  there  Htill  remains  a  portion  of 
ondecflniprmed  lk<pjid  in  the  vohhi*1,  whirh  can  partially  dimiolve  one  of  the  produetH  of 
deoompoBitinn^  and  that  in  rinantity  vnryinj:  with  the  presKurt?  and  temperature,  and 
therefore  the  Hfilution  at  aeonintant  boiling poilui  irtill  hnve  a  HJightly-differt^nt  comjvittjtion 
At  different  pre'4*iurt*K. 

*^^  For  Hr»liitionH  of  hydrochloric  Aeid  in  water  there  ore  still  greater  difFereneet  lii 
rtMietionft,  For  itiHtantep  strong  solutionB  decompose  antimony  sulphide  i forming  hydro- 
|i(t}U  Hulphidf ,  H-2|S|,  and  [trecipitnte  common  nalt  from  ita  foliitiouH  whilut  weak  snlutionH 
do  nut  act  thup. 
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3lany  cimipoinKls  cojitainhig  water  of  cryslnllLsntioa  nre  solid  sub- 
stance.s  (when  raelted  they  lue  alreruly  solutiuns — /,r.,  liquitls)  ;  t'urtLer- 
more,  they  are  capable  of  being  foi'ined  fram  solutions,  eus  is  ice  or 
aqueous  vapour,  I  propose  calling  them  rrt/stttUo-ht/ffrat^s.  Inasmuch 
AS  the  direct  present-e  of  ice  or  iKjucouH  ^  ajKmr  cantmi  be  admitted  in 
fiolutions  (for  these  ai-e  liquids),  althou;jjh  the  presence  of  water  may 
be,  so  also  there  is  no  bisiH  for  acknowledging  the  presence  in  solu- 
tions of  substances  in  an  already  existing  state  of  combination  with 
water  of  crystallisjition,  although  they  are  obtained  from  solutions  as 
such/*^*  It  is  evident  that  such  substiinces  present  one  of  the  many 
forms  of  equilibrium  between  water  and  a  substance  dissolved  in  it. 
This  form,  however,  reminds  tme,  in  all  i-espects,  of  .solutiont* — that  is, 
aqueous  compounds  which  are  more  or  less  easily  deiromjKisetl,  with 
reparation  of  water  ;Lnd  the  formation  of  a  less  aqueous  or  an  anhydrotis 
compound.  In  fact,  there  are  not  a  few  crystals  cont^iining  water 
which  lose  a  part  of  their  water  at  the  oniinary  temperature.  Of  such 
a  kind,  for  instance,  are  the  crystals  of  soda^  or  sodium  carbonate, 
whichj  when  separated  from  an  aqueous  solution  at  the  ordinary 
teinpenttyre,  are  quite  transparent  ;  but  when  left  exposed  to  alr^ 
lose  a  portion  of  their  water,  becoming  opaque^  and,  in  the  process, 
lose  their  crystalline  appearance,  although  preserving  their  original 
fornu  This  process  of  iliesej^tatutioii  of  water  at  the  ordinary  tempera.- 
ture  h  termed  the  rlff(trf*t<ty'ni*r  «if  crystals.  FIfflorescence  takes  place 
mure  rapidly  under  the  receiver  uf  an  air  pump,  and  especially  at  a 
gentle  heat.  This  breaking  up  of  a  crystal  is  dissociation  at  the 
ordinary  temperature.  Solutions  are  tlecumptjsetl  in  exactly  the  same 
manner, *^^     The  tension  of  the  atjueous  vapour-,  which  is  given  c^fl'from 

**  Stipersatumbed  Aolntionb  ^five  an  ejicell^nt  proof  »u  thi«  renpect.  Tliiis  ii  solution 
ol  copper  fiolpliute  |j;tfuer&lly  cryfttalH«eH  in  peiitu-hydmted  cn*»trtls.  Cu80i  ^  SH^O*  aui) 
its  »aiitmted  noluiion  g-ivew  such  c-ryiitftls  if  it  hi'  brotii^lit  into  coiituot  with  thu  minutest 
poi««iibl«.i  ery*»tnl  of  the  sAme  kind.  But,  iM.xordin^  tu  the  oLi>er\'ati{jUt4  of  LectKi  d«  Btiift- 
baudiiLn,  if  a  ery«tal  of  ff  rroui*  Htdi^liiite  (an  JHiVuuqihrjiaw  iwilt,  »tc  uoie  o5),  Ft?SOj  +  7lliO, 
be  pUctnl  ill  Ji  ^nturntedi  »ohitioii  of  eoppur  Hulphiitet  theu  cr)'i»tiiUor  bepta.-hydriitf!tl  «iilt, 
CtiB0|+7H  jt  K  (irt?  ohtninwl.  It  ii^  evident  that  ueitht?r  the  iwntu-  nor  the  heptic  hydmt«d 
Mdt  is  contjiined  as*  ftocb  in  the  tiolotion^  The  Milution  present**  it^own  p*irtif  uhir  liquid 
fcmu  of  ptjMilibrium, 

•*  Efflnft^ficenee,  like  every  evAporation,  proceiHlB  from  the  uurfiioe.  ImJde  uryntidji 
frhioh  )iiir«»  ♦<flflore^^ed  thi^re  \*>  UHUivUv  funnd  a  tion-etHoresced  mrt»H,  hh  Ihal:  the  majority 
©f  effloresced  cryfttttls  of  washing  Ruda  stiow,  in  tlieir  frat'ture,  ii  trun^iMiretd  nucleus 
"OCMited  by  au  <i*fMriri*rtced^  oimmjius  jKJwdery  nnits«.  It  in  a  reniarkiible  eirtumHtHnce  in  tills 
TMpccI  that  cfHoreticenee  proceeds  in  a  completely  re^ilat-  ;ind  uniform  manner,  ii«o  that 
ibe  angles  lUid  pIuneH  of  ^^tmiliLr  ery«tallo^u,phit:  cdiariwcter  eft1ore»<:>e  HiumltaneoUfily, 
ftlid  in  thi*.  respect  tlie  crystalliue  form  deternn'ne»t  tluwe  parts  of  crystaln  where  eftlo- 
r6«c<«nce  starts  a^^tl  the  order  iii  which  it  continues.  In  Holntions  evaporation  alwo 
procctecU  from  the  surface*  and  the  firtit  crystids  which  appear  on  itH  reiLebiii^  the 
required  degi'ee  of  saturuiiiin  are  ttho  formed  ut  the  surface.  After  falling  to  the 
bottom  the  crj  st^iU  miturally  continue  to  gr\>w  (trr  Chap.  X.)» 
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crystallo-liydrates  Is  oittui^llyj  as  Avith  solutions,  less  thciu  the  vapour 
tension  of  water  itself  '''^  at  the  same  temperature,  and  therefore  many 
aiiliydnjUii  salts  which  are  capaljle  of  eoniliiiiiiig  witli  water  alisorh 
ai|ueuus  vapijur  from  moist  air ;  that  is,  they  act  tike  a  cold  iKxly  uii 
which  water  k  deposited  from  steam.  It  is  on  this  that  the«lesiecatiDn 
of  gases  is  based,  and  it  must  further  lie  rem  a  irked  in  this  respect  that 
certain  substitnces— for  instance,  potassium  earhoiiate  (K3CO3)  and 
calcium  chloride  (CaCh*) — not  only  absorb  the  water  necessary  for  the 
formation  of  a  solid  crystalline  cumpound,  but  also  give  solutions,  or 
dAiifiif'srf^  as  it  is  termed,  in  moist  air  Many  crystals  do  not  effloresce 
in  the  lea-st  at  the  ordinary  temperature  ;  for  example,  copper  sulphate, 
which  may  be  preserved  for  an  indefinite  length  of  tinie  without  efflo- 
rescing, but  wlien  placed  under  the  receiver  of  an  air  pump,  if  efflores- 
oence  be  once  started,  it  goes  ou  at  the  ordifiary  tempemture.  The 
temperature  at  wliich  the  entire  separation  of  water  from  crystals  takes 
place  varies  considerably ,  not  only  for  tlitlerent  substances  but  also  for 
different  portions  of  the  contained  water.  Very  often  the  temperature 
at  which  dissociation  begins  is  very  much  higher  tlmn  the  boiling  point 
of  water.  So,  for  example,  copper  sulphate^  which  contains  36  p.c.  of 
wat^r,  gives  up  28*8  p.c.  at  100'-\  and  the  remaining  quantity,  namely 
7*!i  p.c,  only  at  240°.  Alum,  out  of  the  45*5  p.c,  uf  water  which  it  con- 
tains, gives  up  18-9  p.c.  at  100%  17*7  p,c.  at  120%  77  p,c.  at  180°,  and 
1  p.c.  at  280°;  it  only  loses  the  last  quantity  (1  p,c.)  at  their  tempera tui'e 
of  decomposition.  These  examples  clearly  show  that  the  annexation  of 
water  of  crystalltsiition  is  accompanied  by  a  rather  profound,  although, 
in  comparison  with  iastJinces  which  we  shall  consider  later,  still  incon- 


^  AccordijiK  to  Lejicteur  ^IHSH),  ut  UK  ►a  tJik  k  wojytii  n  cf  barium  hydnixidL!,  BilH^O^ 
on  firHt  deikmitm^  cry rttulst with  +  HiO) Ims  a leiiHiun  of  ulxjiit lUiO mm.  (instead  of  7ft(l iiim.» 
thu  teuHiou  of  wrtU^rK  which  decreHseH  (IjecuUM^  tiie  sijlLitiiHi  evapurak^^l  to  45  mm>.  wVieii 
nl!  the  water  is  i*xi>t  lied  from  the  erystiils,  BaH;.O.j  ^  H,,0,  which  are  fonnwl,  but  they 
alKii  loHe  water  (diiwtJciate.efflureHi'e  at  lOOl,  leaving  thfhydrnxidtsBAHaO.j,  which  imper- 
fectly iindetiiJiipOHahle  at  lOtl^— that  If*, iioe»  not  part  with  witter.  At  75^  (tJie  teuhion  of 
watiT  itt  tlien  'iOS  mm,)  u  Holution^  coTttaiiiiii^  JliJH.^O,  on  c"rytitaHiHiu>i;  ha^  ti  tt-nnion  of 
aao  mm. ;  tJie  cryntiilt!  BaH,»D  -v  hHjO,  which  s*|jarate  cmt,  have  u  ttfiinion  of  1(50  mm, ;  tm 
loHiug  water  they  giv<»  BaH.jOj  +  H.iO.  This  Mubntance  dfWK  not.  decuiii|Kn*e  at  73  >  and 
therefore  itfi  tensinn  =0,  Milller  Erzhacb  (IBH4)  detc*rmine»  the  tenHion  (with  reference 
to  hquid  wat**r)  hy  placing  similar  long  tube*  with  w*at«^r  and  the  suhstaiices  ei|>eri- 
mt^nted  with  in  a  deHJccatotj  tliif  rate  of  1o»b  of  WAter  g'ii'ini^  the  relative*  tenHion.  TUu«, 
at  the  ordinary  tenjperutute,  crrj-ntaln  ni  (iiHlium  |dioH,phate,  Na^llPQ^  *-  12BmO,  ]>reiieni 
a  tension  of  l>7  compart'd  with  water,  until  they  lose  r»Hr|tJ»then  W'A  until  they  lose  RH^^O 
more,  and  cm  losing  the  last  etpiivalent  of  water  the  li^nit^ion  tvMh  to  iHH  crjmpaied  with 
water.  It  is  clear  that,  the  different  moiecnlc!^  of  water  are  held  ity  an  u net j mil  force. 
Out  of  the  five  mffle<uie**  of  water  in  tnpper  nalphate  the  two  firBt  are  comparativeiy 
f^iu^il}"^  Heparuted,  even  at  the  ordinary  temiierntnre  <but  only  after  wt-veral  dtiy!*  in  m 
defiiceair>r,  nccorditig  to  Latchiuoff] ;  the  next  two  are  nu^^e  difhcultly  Ke|niratetl,  and  the 
lant  i^quivaleut  tH  held  firmly,  even  at  100^  r 
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wtderable,  change  of  its  properties.  In  certain  cases  tlie  water  of  crys- 
talli&atioti  is  only  given  off  when  the  solid  form  o£  the  substance  is 
destruyetl  :  when  tiie  crystjils  melt  i>n  heating.  The  cr)'^stals  are  then 
said  to  mjrit  in  their  water  oj*  rrt/^fttUlsittion.  Furtiier,  after  the  separa* 
tion  of  the  water,  a  solid  substance  remains  behind,  so  that  by  further 
heating  it  acquires  a  soHil  form.  This  is  seen  most  clearly  in  crystals 
of  sugar  of  lead  or  lead  acetate,  which  melt  in  their  water  of  crystalli- 
sation at  a  temperature  of  56*25°,  and  in  so  doing  begin  to  lose  water. 
On  reaching  a  temperature  of  100°  the  sugar  of  lead  solidifievS,  having 
lost  all  its  water  ;  and  then  at  a  temp>erature  of  280^  the  anhydrous  and 
solidified  salt  again  melts.  Sodium  acetate  (C.,H3NaO^,3H2;0)  melts 
at  58°  (but  resolidities  only  on  contact  with  a  crystal,  otherwise  it  may 
remain  liquid  even  at  0^  ;  as  the  temperature  does  not  change  during 
solidification,  the  melted  Sidt  can  Ije  used  for  fibtaining  a  constant 
temperature  of  bH').  According  to  Jeannel,  the  latent  heat  of  fusion  is 
about  28  calories,  and,  according  to  Pickering,  the  heit  of  solution  is  35 
calories.  When  melted,  this  salt  Ijoils  at  123° — that  is,  the  tension  of 
the  aqueous  vapour  gi\en  otl^then  equals  the  atmospheric  pressure. 

It  is  most  important  to  recognise  in  respect  to  the  w^ater  of  crys- 
tallisation that  its  ratio  to  the  i|uantity  of  the  substance  with  which  it 
is  combined  is  always  a  Cijnstant  quantity.  However  iiften  we  may 
prepare  copper  sulphate,  we  shall  always  find  36*14  p.c»  of  water  in  its 
ci-ystals,  and  these  crystals  always  lose  four-fifths  of  their  water  at 
lOO"",  andone-tifth  »»f  the  whole  amount  of  the  water  con  tain  e<l  remains 
in  the  crystals  at  100^  and  is  only  expelled  from  them  at  a  tenij>erature 
of  about  240'^.  The  determination  of  the  amount  of  water  of  crystal* 
lisation  is  easily  made  if  a  'weigheil  quantity  of  crystals  is  dried  in  an 
air  or  r>ther  liath.  What  has  been  said  about  crystals  of  copper  sulphate 
refers  also  to  crystals  of  every  (»ther  substance  which  contain  water  of 
crystallisation.  It  is  impossible  to  here  increase  either  the  relatiA-e 
pmjH*rtion  of  the  salt  or  of  the  water,  without  changing  the  hon^o- 
geneity  of  the  su!>stance.  If  on^e  a  poition  <tf  the  water  be  lost — for 
instance,  if  once  e (Mo rescence  takes  place  — a  mi.xture  is  ubtained,  and 
not  a  homogeneous  su distance,  namely  a  mixture  of  a  substance  deprived 
of  water  with  a  substance  whicii  lias  not  yet  lost  water — i.e.,  decom- 
position has  already  commenced.  This  constant  ratio  is  an  example  of 
the  fact  that  in  chemical  compounds  the  quantity  of  the  ctunponent 
parts  is  quite  definite  ;  that  is,  it  is  an  example  of  the  so-called  dt^nitr. 
chemical  cofHpouttdif,  They  may  be  distinguishetl  from  solutions,  and 
from  all  other  so-called  indefinite  chenucal  compounds,  in  that  at  least 
one,  and  sometimes  l>t:>tb,  of  the  component  parts  may  be  added  in  a 
large  quantity  to  an  indefinite  chemical  compound  without  destroyijig 
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its  Uomugeneity,  as  in  8<)lutit>ns,  whilst  it  is  iiiipoH&ible  to  add  any  one 
of  the  compttnent  parts  to  a  detiiiite  chemical  compound  without  de- 
stroying the  homogeneity  of  the  entire  mass.  D«:*Hnite  chemical  com- 
pounds only  decimxpose  at  a  certain  rise  in  temperature  ;  on  a  lowering 
in  tempeniture  they  do  not,  at  least  with  very  few  exceptions,  yieki 
their  components  like  .solutions  which  form  ice  or  compounds  with  water 
of  crystallisation*  This  obliges  one  to  consider  that  solutions  contain 
water  as  w^ater,'^*'  although  it  may  snmetimes  Le  in  a  very  small  quaiv 
tity.  Therefure  solutions  which  are  capable  of  entirely  solidifying  (tor 
instance,  cryohydrates  and  crystal lo- hydrates — i.^.,  compounds  with 
water  of  crystjtllisation  which  are  capable  of  inciting  nr  the  compi>uud 
of  81i  parts  of  snlphui'ic  acid*  11  ^SO^,  with  \^^h  parts  of  water,  H^O, 
or  H.jyO|,H.jO,  or  H^SO,)  appear  as  true  definite  chemical  compounds. 
If^  then,  we  imagine  sueli  a  definite  com]>ound  in  a  li<|iiid  state^  and 
admit  that  it  partially  decomposes  in  this  state,  separating  water  - 
not  as  ice  or  vapour  (for  then  the  system  would  be  heterogeJtefius, 
including  substances  in  different  physical  states),  but  in  a  liquid  form, 
when  the  system  will  l>e  hoinogenet>us  —then  we  shall  form  an  idea  of 
a  solution  as  an  unstable,  decomposing  fluid  equilibrium  between  water 
and  the  substance  dissolved.  Just  as  the  component  elements  may  be 
added  to  a  gaseou.s  mixture  without  destroying  its  homogeneity »  so  both 
the  solvent  may  be  addetl  to  a  solution  (the  solutiini  will  then  l>e 
obtained  diluted,  and  no  longer  presenting  a  detinite  composition),  and 
also  the  substance  dissolved  may  be  arlded  (with  a  solid  aufl  a  saturated 
solution  a  supersaturated  solution  will  he  obtained),  which  may,  how- 
ever, owing  to  thi^  force  of  the  ct>hesii*n  of  its  jiart^,  sejifirate  out  from 
the  solution  in  a  crystallised  -form.  In  adding  the  solvent »  or  the 
substance  dissohed,  without  dcNtruction  of  tlie  homogeneity  of  the 
whole,  we  altered  tlieir  relative  quantity  (the  projsortion  of  the  acting 
masses),  by  which  there  will  be  an  alteration,  lioth  in  the  quantity  of  the 
water,  forming  one  of  the  products  of  dissoeiation,  and  also  of  the  relative 
quantity  of  one  or  many  of  the  detinite  conqMjunds  between  the  water 
and  the  substance  dissolved.  Owing  to  this  change,  there  occurs  an 
alteration  in  the  properties  of  a  solution  (contraction,  change  of  vapour 
t^ension,  *kc.)  ;  not  in  the  sense  of  a  purely  mechanical  change  in  the 
proportion  <»f  the   components  (as  in  the  intermixture  of  non  reacting 

^^  SulIj  a  |rbeijriiiiejniii  frt-H]ii«ntly  prt?H*naj*  itnt^lf  in  i>un'ly  chemieni  aitioii.  Fnr 
iiiKUnci*,  let  u  liqtiirl  HiibhUiu't*  A  givt\  with  Hiiothttr  lu|iiid  suLstaiiee  B,  uaiWi*  tlie  coudi- 
tii>iit4  of  lui  oxitcriuit?iit,  It  itit^re  iiniiut«  qiiiuitity  of  h  Ht4id  or  ^useout*  hiibstauce  <\  This 
Btnitll  t|Uiiatity  will  »t?imriite  out  {pus»  uwiiy  frmii  Hw  tiiilit-n;  of  H4Jtio)i,  ah  Bertliollet 
*'\|irt?K!*i*(l  it),  luirl  tlif!  rejTiiiining  iiinsHttH  of  .1  muI  B  will  Again  givt  C;  eoiiHt*nUfTilly, 
vmdt'r  i\w%¥.  ctuidilianti,  litrtion  will  k«  on  to  thf  en<].  Hvidi,  it  »«ti*ni»  to  me,  ia  tla*  iic^tioii 
iij  ftohitinnii  whi^ii  they  yiold  ic«j  or  vaiHiUJ'  iudir>itiii|s'  tJie  pr*>s«ti«*e  of  wiiter. 
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glwes),  but  m  the  sense  of  an  .-iltt^ration  in  t!ie  ([iiftntity  of  tln^sf?  di  Hiiite 
liti u id  chemical  com poiiiids  which  are  determined  by  the  chemical  attrac- 
tion 1»etween  water  and  tiie  substance  rlisscilvetl  in  it,  and  by  their 
capacity  for  forming  with  it  iUft-me.  compounds/'^  whicli  is  seen  in  the 
capacity  nf  one  substance  to  form  with  water  many  various  crt/afalfo- 
hf/*Jrnffji,  or  compounds  witli  water  of  crystfillisation,  showing  diverse 
and  independent  propeHiiss.  From  these  considerations,  so/ufiuHM^'^ 
way  bff  reyardt*d  att  jhnd^  misiabU^  definite  cfietnicai  (*ompomtds  in  a 
state  of  diifito^intiou/*'* 

*^  Ceriiuti  subatiinceH  iirv  cupttTiile  of  lonaing  otily  one  compmmd,  otJaera  tieveraJ,  mid 
ihtfstf  of  the  luoHt  vikried  deigreeK  of  Htability.  The  compmiuUi*  «jI  wntf  r  are  inBtanoe&  of 
thia  Hud.  In  s^nlutionK  of  »ulp]iniric  iipkU  {nee  note  llM,  f^t  exanqilf ,  Ibe  exisUince  va^iai 
he  udkiiuwliidged  of  ottvenvl  diflturtfriL  definite  compound k,  Mtuiy  at  theH«  ItAve  not  y*>t 
liL'«n  obtii.ini!d  iti  n  free  HtAte,  luid  it  inny  be  that  tliey  cunnDt  be  obtfLined  in  iiuy  otlier 
but  a  Jii|nifl  form — IhaL  is^  distjrtlvt^l ;  junt  na  tlieit*  ure  unmy  nrulonbted  ilbfinite  etnn* 
|Miundf^  wliifli  only  cackt  in  one  pbysifiil  stute.  Anionj;  the  hyilrnle*i  *»uch  inntanc^H 
oreiir.  The  inmpounil  VO.^  +  HHJii  [Mff  noU*  HI  I,  ticcordinf?  to  Wroblowski,  tmly  oi.'«!iirM  in 
11  iolid  form.  HydmUjtt  like  H;S  ±  I'ill^O  (Dt  Forcrand  and  Villaid  i,  HBr  +  11^0  iRooae- 
booniK  van  only  be  accepted  on  the  ba«iK  of  n  decreiiwe  of  tension,  but  prehelit  theuiw^lve:* 
AK  very  tmn'^ient  Hubntancei.,  tncapiible  of  exinting  in  a  Mtiiblr  lit-e  *iUite,  Even  tiiitphiiric 
fteid*  H.^SO|,  itneif,  whidi  undouhttHlly  is  ti  definite  e<jm[K)nJul,  fumes  iu  a  liqnid  fniin^ 
evolviug  the  tudiydride,  SO-,— that «»,  exhibits  a  v«?ry  ajiatable  eipilhbnuniH  The  crj'tttaJlo' 
bydrattiH  of  ehlorinej  CL^  *  8E.,vO,  of  hydragen  autpfiide,  HjS  *  l'iH,»0  (it  is  formed  iil  U'', 
ajul  iti  completely  deconiposed  At  -1^1%  ah  then  1  vol,  of  wiit«jr  only  duwofvet*  4  voU,  of 
hydrogen  sulphide,  while  at  D'l"  it  diHsolves  iilwjut  lou  vols.)*  and  of  many  otiier  g»vs*«ft, 
<UB  infttiineeft  of  hydrnten  which  are  verj'  unstable. 

**  Of  HOi'b  rt  kind  are  uIko  other  indefinile  cbemieal  eompounds;  for  ejtampfe, 
nietulHe  alloys.  These  are  >iolid  Kub^tancei^  ox  iiolidified  solution'*  of  metals.  Tfjey  al*o 
crtntuui  definite  coniponnrlfi.,  am)  may  contain  an  excewH  ot  one  of  tlie  nietaU.  According 
to  the  experbneutH  isl  Laurie  (18HH),  the  alloy h  of  «inc  with  copper  in  renpnct  to  the  electro- 
tnotjve  force  in  gttJvuJiic  b«»ttenen  behave  juMt  like  zinc  if  the  projwirtjon  of  C4>pper  in  iJje 
alloy  doeH  not  exceed  a  certtdn  perceuta^fe — that  iK,ujitil  a  delinite  eouijHJiiiid  jh  attained 
^for  then  there  are  yet  piulieles*  of  free  «inc;  but  if  a  copper  t-urface  lie  takei^  luid  it  be 
covered  by  only  one-tboufjandth  port  of  its  &rea  of  ainc,  then  only  the  zinc  will  aet  in  il 
Ifalvanic  battery. 

**'•*  Accordinj^'  to  tlie  above  supposition,  the  condition  of  i**dtitiouH  in  the  aenws  of  the 
kinetic  hyprfihexiHi  of  matter  (that  is,  on  the  supposition  of  an  internal  moveiiient  of 
juoleeules  and  ntomii)  may  be  representerl  in  the  following^  form  : — Lu  a  homoj^ene<mtt 
liquid — for  inst^uice,  water^ — the  molecules  occur  in  a  certain  state  of,  alth(ni«<h  mobile, 
still  utrtble,  ctinilibrium.  When  a  nubstanee  A  di«*»ohe<*  in  Wftter^  it-*  molecules  form  with 
Kcverul  molecules  of  water,  systems  AnHiO^  which  liTeso  uiiistable  that  when  surrounded 
by  moleculeti  of  water  they  decompose  and  re-form,  so  that  J  passes  from  one  mn^d  of 
niolceule«  of  water  to  another,  and  the  molecules  of  water  which  w  ere  at  this  moment  iu 
bannoniouft  movement  with  A  in  the  form  of  the  system  AnHtO,  in  the  next  instimt 
may  have  ulrcatly  succeeded  in  getting  free.  The  add  i  I  ion  of  water  or  of  molecules  of  .1 
may  cither  only  alter  the  nornL^er  of  free  moleculcH.  which  in  their  turn  enter  into  i*y»iten»a 
AnH-itK  or  Ihey  may  tntrodnce  condition»  for  the  jjtJHsibility  of  bnildtni^'  op  new  f^y«teiit« 
AmHjO,  where  tn  i»  eitfier  greater  or  less  than  n.  If  in  the  s«ibition  the  relation  of  the 
molecules  he  the  »ame  ikh  in  the  system  Amll^^O^  then  the  tuldition  of  fresh  moleculet}  nf 
wat«r  or  of  A  would  he  fallowed  by  the  formation  of  new  niolecnles  AttH/}.  The  reUtive 
cjuioitity.  fttability,  und  oomi>ortition  of  these  systems  or  definite  comp^jundw  will  vary  in 
one  or  another  tji^dution.  Such  a  view  of  solutionM  ctuue  to  toe  from  a  luoiit  iutiniat4» 
study  of  the  Tariatloii  of  their  specific  graviti«Bf  to  which  my  liK>nk,  ciied  in  noto  19,  i» 
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In  regardiDg  sdliitioiib  from  this  point  of  view  they  come  under  the 
head  of  thosie  definite  compounds  which  chemistry  mainly  treats  of.^** 
For  this  reason  we  will  direct  our  pirticular  attention  to  erne  side  of 
tlie  subject  under  cjusi deration,  which  touclies  uii  the  essentia]  pr^jjierty 


devoted.  Definite  coiiniouiid»,  .^i^H.jQ  and  .li^iHijO,  exidiiii^^  in  a.  freti — for  iiiHtuuce, 
Dolid — form,  may  iu  certuhi  vAtnto^  \m  held  in  Holutious  in  n  diKsoeiated  attite  (liltliuugli  bttt 
partially) ;  they  are  hittiiiiir  iu  their  Ktnicture  to  those  detiiiite  BubBtaiiceB  which  are 
foitnud  ill  Bolutioiirt,  but  ttotliing  oljlig«?w  one  to  think  that  it  i&  such  t^yKLeniH  a»,  for 
InKtiince,  NiiaSO^  +  lOHyO,  or  NiujSOj  +  THoO,  or  XajSO^,  that  are  eontfuned  in  eolu- 
tioiit*.  The  com puiH lively  mntt*  htiible  Kystenis  A«|H><J  which  pxint  in  a,  free  titiite  and 
change  tlM:^ir  [jhj  kuuI  stute  nitiHt  preKeiit,  althoug^h  within  certain  hmits  of  t-tniiiHTtttiiTts 
ail  entirely  hArnnminijK  kind  of  movement  of  A  with  /j^H^O  ;  the  pmjierty  aIho  and  state 
of  KyBteiUH  J^(H.jO  and  .l»(HjO»  occurring  in  H<rilutionK^  in  that  they  are  iu  a  liqunl 
form,  although  purtially  di!isocinte<l,  Suh^tttiices  -4|,  whicli  give  wdutioUHj  are  diatiti- 
gtiiiilied  by  the  fact  tbiit  tJit-y  can  form  audi  iinHtuble  HyHtemii  .4nH^O,  but  be^ideg  them 
thi*y  can  give  other  much  more  stable  nytsteiuK  ^l^^iH^jCL  TIujh  fthylent?^  CjH^,  in  dis- 
solving in  water,  probaldy  forum  a  system  C,H^«HgO,  which  etl^^ily  sphtH  up  intci  C'^H^ 
and  H^O,  but  it  uIho  gives  the  system  of  alcohol,  C-jHj,H.jO  or  CoH(jOt  which  in  compara- 
tively ntftble.  Thus  oxygen  can  dis»fdve  iu  water,  and  it  can  combine  with  it,  farming 
peroxide  of  Iiydrof^en.  Turpentine,  Ci^H^j,  does  not  dieaolve  in  water,  but  it  combbie^ 
with  it  in  a  coiupjirativelv  ntahle  hydrate.  In  other  wordw,  the  chemical  MtrucLare  of 
hydraten,  or  of  the  definite  compoundts  which  are  cont&iued  in  Hulntiona,  i^  distiuguialied 
not  only  by  itn  original  peenharities  but  also  by  a  diversity  of  tttiibibty.  A  Himilar  iftruc* 
ture  tt)  hydrates*  niimt  bi*  aeknovvhMl|^ed  in  crystallo-hj'drates.  Dii  melting  they  give  actual 
(real)  solution «.  Ah  gulmtanceH  which  give  crystallodiydrateH,  like  tiidts,  are  capable  of 
forming  a  number  tuf  diverse  hydrates,  and  an  the  greater  the  number  of  ini>lecule&  of 
water  («(  they  (JikH^Oj  contain  the  lower  is  the  temperature  of  their  fommtiun,  and  as 
lite  more  eiinily  they  det'Oinpo^e  the  more  water  they  hold,  therefore,  in  the  first  place« 
the  iftolutitm  of  hydratei*  holding  mucVi  water  exititiiig  iu  atjUeous  jwltiticma  may  be 
Booueat  looked  for  at  low  temperatures  [ulthongh^  i>erhapH,  in  certain  casea  they  cannot 
exist  in  the  Holid  statej  ;  and  aecondly,  the  stabihty  aluo  <jf  aueli  higher  hydratea  will  be 
at  a  luinitnnm  under  the  ordinary  circum stances  of  the  occurrence  of  liqnid  water, 
Hence  n  further  more  detaih-Ml  inveatigiiition  of  cryobydrtttes  (note  &H)  may  help  to  the 
ehicidation  of  the  nature  of  hidntionn.  But  it  may  Ix'  fereseen  that  certain  cryohydratea 
will,  like  metallic  aUoys,  present  ftt>lidified  mistun^K  of  ice  with  the  boiMa  themiielveH  and 
their  more  «table  liydrutcH,  »ind  othern  will  ho  delinite  cnniponudB* 

*''  The  rtbove  reprertentatinn  of  holutioiii^,  «)L'c>  {oiiHidering  thera  aft  a  particular  atiite 
of  deinite  componndH,  exclndert  the  independent  n^xiHtence  of  indefinite  compouudfi ; 
by  thin  means  that  unity  of  clieiuical  conception  in  obtained  which  cannot  be  arrived 
at  by  admitting  the  phyHico -mecluuiical  conception  of  imletinite  comiJounds*  The 
gradual  transition  from  typical  wjlutioiis  (ai»  of  ga^s  in  water,  tuid  of  weak  Haline 
solution k)  to  Kulphuric  acid,  and  from  it  and  itw  definite,  but  yet  uiiHtahle  iiud  hquid, 
compoundH,  Uj  clearly  deHniti*  compounds,  wuch  a«  oalta  and  their  crj'Htallo-bydrates, 
ih  no  iniperceptihle,  that  by  ilenying  that  NolutioUi  pertain  to  the  number  of  definite 
but  dif^oeiating  eMmpnunds,  we  risk  denying  the  definiteneen  of  the  atomic  com- 
IHDBition  of  »uch  wubhtancen  na  rtiilphuric  acid  or  of  molten  cryntallo-hydrateH.  I 
repeat,  however^  that  for  the  pre»ent  the  theory  of  solutions  cannot  be  couhidered  ati 
fiiinly  eHtabhshed.  The  above  opinion  about  tbem  ii^  nothing  nn>re  than  a  hypotbeAiij 
which  endeavours  to  hati*ify  thoBc  comparatively*  limited  dat4t  which  w«  have  for  the 
prervent  about  Mjlution*.^  and  of  thoHe  caKen  <d  their  ti'aubition  into  definite  eomiHiunda, 
By  Hubmitting  Rolntionh  ti>  the  Daltonic  rtJiieeptii^sn  of  atomitini,  I  hope  that  we  may  not 
only  attain  to  a  general  harmnnioUN  clieniit^al  doctrine,  but  aUo  that  new  motive)*  for 
investigation  and  reiMfiirch  will  apt>ear  in  the  problem  of  Kolutionn,  which  mut^t  either 
eorifirm  the  pro|toiied  theory  or  refdacc  il  by  imother  fuller  and  truer  one* 
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of  defiiiite  coinpoumis  as  a  class  to  whose  number  solutions  shouUl  (or 
at  least »  may)  be  referred. 

We  saw  above  that  copper  sulphate  loses  four- fifths  of  its  water  at 
lOO"^  and  the  remaiiKler  at  *J40°,  This  means  that  there  are  two  detinite 
compounds  of  water  with  tlie  anhydrous  stilt.  Washing  soda  or  car- 
lM3nate  of  sodium,  NaaCO^,,  sepamtes  out  as  crystals,  Na-^COgjlCHaO, 
containiug  62 '*J  p.e.  of  water  by  weight,  from  its  solutions  at  the 
onlinaiy  temperature.  When  a  solution  of  the  same  salt  deposits  crystals 
at  a  low  temperature,  about  — 20'^^  then  these  cry J^tals  contain  7 1*8  parts 
of  water  jter  28 '2  part^i  of  anhydrous  salt.  Further,  the  crystals  are 
obtained  together  witli  ice,  and  are  left  liehind  when  it  melts.  If 
on  Unary  soda,  witli  ti2'9  px«  of  water,  be  cautiuusly  melted  in  its  own 
water  of  crystallisation,  there  remains  a  salt,  in  a  solid  state,  containing 
only  1 4'5  p.e.  of  water:,  and  a  liquid  is  obtained  which  contains  the  solu- 
tion of  a  salt  wliieh  separates  out  crystals  at  34'',  which  contain  46  pnc. 
of  water  anil  rlo  not  effloresce  in  air.  Lastly,  if  a  si»pei'fciaturate<l  solu- 
tion of  soda  be  prepared,  then  at  tempemtures  below  S°  it  deposits 
crystals  containing  54*3  p.c.  of  water.  Thus  there  are  known  as  many 
as  five  compowntls  of  anhydrous  soda  with  water ;  and  they  are  dis- 
fiimilar  in  their  properties  and  crystalline  form,  and  even  in  their 
solubility.  We  will  mention  that  the  greatest  amount  of  water  in  the 
crystals  corresponds  with  a  tempei'ature  of  20"^,  and  the  smallest  to  the 
highest  tempemture.  There  is  apparently  no  relation  between  the 
above  quantities  of  water  and  the  salts,  imt  this  is  only  because  in  each 
case  the  amount  of  water  and  ailhydrous  salt  was  given  in  percentages, 
but  if  it  he  cahnilated  for  one  and  the  same  quantity  of  anhydrous  salt, 
or  of  water,  a  great  regularity  will  be  obser\ed  in  the  amounts  of  the 
component  parts  in  all  these  compounds.  It  appears  that  for  106  parts 
of  ardiydrous  salt  in  the  crystals  separated  out  at  — 20°  there  are  270 
parts  of  water  ;  in  the  crystjils  obtained  at  I'r^'  there  are  180  parts  of 
water  ;  in  the  crystals  obtained  from  a  supersaturated  solution  126  parts, 
ill  the  crystals  which  separate  out  at  34°,  90  parts,  and  the  crystals  with 
the  smallest  amount  of  water^  18  parts.  On  comparing  these  quantities 
of  water  it  may  be  easily  seen  that  they  are  in  simple  proportion  to  each 
other,  for  they  are  all  divisible  by  LS,  and  are  in  the  ratio  15  :  10:7:5:1. 
Naturally,  direct  experiment,  however  carefully  it  be  conducted,  is 
hampered  with  errors,  but  taking  these  inevitable  errors  into  eon- 
aderation,  it  will  be  seen  that  for  a  given  quantity  of  an  anliydrous 
substance  there  mcur,  in  several  of  its  compounds  with  w*ater, 
quantities  of  water  whirh  are  in  very  simple  multiple  proportion.  This 
is  observed  in,  and  is  common  to,  all  definile  chemical  compounds. 
This  rule  is  called  fft*'  fmr  of  inuUiple  proportions,     Tt  was  discovered 
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by  Daltcjii,  and  will  \>q  evolved  in  detail  in  Iug  further  exposition  in 
this  work.  For  the  present  we  will  only  htate  that  the  lnw  of  doHnite 
coniptjsitioii  enables  the  composition  of  substanteii  to  be  expressed  by 
formulae,  and  the  law  of  multiple  proportions  permits  the  application 
of  eo-etfieients  in  a  weight  of  whole  n limbers,  in  formulae.  Thus  the 
formula,  Xa.jCOi,  lOHjU^  directly  shows  that  in  thiscrystaJlo-hydrnte 
there  aie  18U  parts  of  water  to  106  pai'ts  by  weight  of  the  aidiy4lr*>us 
salt,  because  the  formula  of  soda,  Na^COy,  directly  answera  tfia  weight 
of  106,  and  the  foinuila  of  water  to  18  parts,  by  weiglit,  which  are  here 
taken  lU  times. 

In  the  above  examples  of  the  combinations  of  water,  we  saw  the 
giurluallydncreasini^'  intensity  of  the  bond  between  water  and  a 
sul»sUuice  with  which  it  foiins  a  homogeneous  compound.  There  is  a 
series  of  such  compouncis  with  water,  in  which  the  water  is  hehl  witli 
very  great  force,  and  Ls  only  given  up  at  a  very  high  temperature,  and 
sonw'times  cannot  be  sepaiated  by  any  degree  of  lieat  without  the  entire 
decompositir>n  of  the  substance.  In  these  compounds  there  is  generally 
no  outward  sign  whatever  of  their  containing  water.  A  perfectly  new 
substance  is  fonued  from  an  anhydrous  substance  and  water,  in  which 
sometimes  the  properties  of  neither  one  nor  the  other  substance  are 
observable.  In  the  nmjority  of  cases,  a  considerable  amount  of  heat  is 
evolved  in  ibe  formation  of  such  compounds  with  water.  Sometimes 
the  heat  evolved  is  so  intense  that  a  red  lieat  is  produced  and  lit^ht 
is  cnutted.  It  is  hardly  to  be  wondered  at,  after  this,  that  stable 
compounds  are  ftirineil  by  such  a  cnmbination.  Their  decoitiposition 
re«[iiires  great  heat  :  a  large  imount  of  work  is  necessary  to  seimrate 
them  into  their  component  parts.  All  such  com])Oun«ls  are  dehnitCi 
and,  generally,  completely  and  clearly  definite.  The  numiier  of  such 
detinite  conifiounds  with  water  or  hydt'fitfSy  in  the  narrow  sense  of  the 
Word,  is  generally  incousiilerable  for  eacii  aidiydrous  substance  ;  in  the 
greater  nund^er  of  cases,  there  is  forniefl  only  one  such  combination  of  a 
substance  with  water,  one  hydrate,  having  so  great  a  stability.  The 
water  contained  hi  these  compounds  is  often  called  ttmtnr  of  coiutittxtwn 
-  L**,^  water  which  enters  into  the  structure  or  comjiosition  of  the  given 
substance.  By  this  it  is  desired  to  express,  that  in  other  cases  the 
molecules  of  water  are  as  it  were  separate  from  the  molecules  of  that 
substance  with  which  it  is  combined.  It  is  su|>posed  that  in  the  forma- 
tion uf  hydnUes  this  water^  e^en  in  the  smallest  pwrticles,  fotnis  i me 
cumplete  whole  with  the  anhydrous  substance.  Many  examples  of 
tlie  formation  of  such  hydrates  might  be  cite<b  The  most  familiar 
example  in  practice  is  the  hydrate  of  Hme,  or  so-cjdled  *  slakefl '  lime. 
Lime  is  preparetl  by  burning  limestone,  by  which  the  carbonic  anhydride 
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is  expelled  t'nvin  it,  anrl  there  reiimius  a  white  stmiy  tiiiuss,  which  is 
dense,  compact,  and  rather  tenacious.  Lime  is  usually  sold  in  this 
form,  and  heavH  the  name  of  *  quick  '  or  *  unslaked  '  lime.  If  water  be 
poured  over  su^h  lime^  a  great  rise  in  tempernture  is  remarked  either 
directly,  or  after  a  certain  time*  The  whole  mass  liecomes  hot,  part  of 
the  water  is  evaporated,  the  stony  mass  in  ahsorliing  water  crumbles  into 
[^♦wder,  anil  if  the  water  be  taken  in  siiHicient  quantity  and  the  lime 
be  pure  and  well  burnt,  not  a  fwirticle  of  the  original  stony  mass  is  left — 
it  a!l  crumbles  into  powdpt'-  If  the  water  be  in  excess,  then  imturally 
a  portion  of  it  remains  ami  forms  a  solution.  This  process  is  called 
*  slaking'  lime.  Slaked  lime  is  used  in  practice  in  intermixture  with 
sand  as  mortAr*  Slaked  lime  is  a  definite  hydrate  of  lime.  If  it  is 
dried  at  lOfP  it  retains  24*3  p.c.  of  water.  This  water  can  only  be 
expell&I  at  a  temperature  abo^e  400^,  nnd  then  tjuicklime  is  re -obtained. 
The  heat  evolved  in  the  combination  of  lime  with  water  is  so  intense 
that  it  can  set  tire  to  wood,  sulphur,  gunpowder,  ttc.  Even  on  mixing 
lime  with  ice  the  temperature  rises  to  lOO".  If  lime  be  melted  with  a 
small  tpiantity  of  water  in  the  dark,  a  luminous  etl'ect  is  observed.  But, 
nevertheless,  water  may  still  be  separated  from  this  hydnite.^^  If 
phosphorus  be  btjrnt  in  dry  air,  a  w^ hi te  substance  called  *  phosphoric 
anhydride  '  is  obtained.  It  combines  with  water  with  such  etiergy,  that 
the  experiment  must  lie  conducted  with  great  caution.  A  red  heat  is 
produced  in  the  formation  of  the  compound,  and  it  is  impossible  to 
sepfii-ate  the  w^ater  from  the  result^mfc  hydrate  at  any  temperature. 
The  liydinte  formed  hy  plutsphnric  anhydride  is  a  substance  which  is 
totally  undecomposable  into  its  original  compunent  parts  by  this  action 
of  heat.  Almost  as  energetic  a  cotnbination  occurs  wher*  sulphuiic 
anhydride,  SO^,  combines  with  water,  fnnning  its  hydrate,  sulphijric 
acid,  H^Su  .  hi  both  cases  definite  compounds  nrv  produced,  but 
the  latter  substance,  as  a  liquid,  and  capable  of  decomposition  by  heat, 
giving  off  the  vapour  of  its  volatile  anhytlride  even  at  the  ordinary 
tempei-ature,  forms  an  evident  link  with  solutions,  and,  with  an 
excess  of  water,  it  gives,  as  a  soluble  substance^  a  true  solution. 
If  80  parts  of  sulphuric  anhydinde  retain  18  parts  of  water,  this 
water  cannot  l)e  separated  from  the  anhydride,  even  at  a  tempera- 
ture of  ZO(y,  It  is  only  by  the  addition  of  pliosphoric  aidiy- 
dride,  or  by  a  series  of  chemical  transfurmations,  that  this  water  can  he 
separated  from  its  compound  with  sulphuric  anhydride.     Oil  of  vitriol. 


«*  In  c-ombmitig  mtli  water  owe  part  by  weight  of  lime  etoUm  S45  oniU  of  hmt  A 
hi||ll  temperrttiire  in  iiUtAiiied,  becftiise  tlu"  s|:ecifit'  ]nmi  of  the  ivRultiiiK  jtrndtirt  ift  «mail. 
Sodiain  oititle,  Nii^O,  in  reiu'ting  on  wut<«r,  H^O,  ftiul  fonniujj  cRUHtic  *iiidii  (tiCNlimu 
Iifdroxi«1t^»,  NilHO,  tfvolven  563  unit*  of  \u-ni  fai-  enc^i  part  )>y  weijytht  of  iw*dium  oxifl'e. 
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or  sulphuric  acid,  is  sucli  a  coinpotind*  If  a  larger  proportion  of  water 
be  taktMi,  it  will  combine  witli  th<=^  H.^SD^  :  for  instance,  if  M  parts  of 
water  per  80  parts  of  sulphuric  atvliyrlrkle  be  taken,  a  comp^mnd  is 
foruietl  which  crystallises  in  the  cold,  and  melts  at  +  B'^,  whilst  oil  of  vitriol 
does  not  solidify  at  even  — 30°,     Tf  still  more  water  be  taken,  the  oil  of 


ol  will  dissoh 


the 


tok 


tminjir  tiuantity  ot  water.  J 
of  heat  takes  place,  not  only  on  the  addition  of  the  water  of  eonstitu- 
tiun,  but  in  a  less  degree  on  further  additions  of  water'/'  And 
therefore  there  is  no  distinct  boundary,  liut  only  a  gradual  transition, 
between  tbose  chendcal  phenomena  which  are  expi*esKeil  in  the  forma- 
tion of  solutions  and  those  which  take  place  in  the  format  ion  of  the 
m<»st  stable  hydrates.^'^ 


'"'  The  diogrum  given  in  iiLtte  ^2H  bIiowh  the  evolution  of  heat  r»i  Ihi-  mixtuie  of 
Hulpliuric  iicirl,  or  oiono- hydrate  (H^SOj^  Le.  SO-,  +  H-jO},  with  different  i|UHntttieri  of  water 
per  1(K>  vols,  of  the  resultnnt  solution.  Per  98  ^raiiii^  of  sulphuric  acid  (H5804>  there  ain 
evolvt-d*  tJii  the  iiddition  of  Irt  gnimife  of  water,  6,^79  uiiitti  of  heat ;  with  double  or  tlir«*e 
time«  the  t]Uiiutity  of  water  tMlH  and  11,187  ullit^i  of  heat,  and  with  an  in(imt*.*h'  Itwrge 
t|njiiUity  of  water  17,H«(t  units  of  heat,  iiccortlitig  to  the  detenniniilions*  of  Tharrisen.  He 
ftlHo  Khowed  that  when  H]SOi  in  formed  frnni  SO,  (  =Hfl)  und  H./)  (  =  IH),  '11, mn  unitu  of 
heat  are  evolved  per  t*ft  part*i  by  weight  of  the  reftultai^t  Hiilphuric  acid, 

^^  ThiiK,  for  different  hydrattM  the  Mt4ihility  with  which  they  hold  wtiter  is  very  dis- 
simihir.  Certain  hydnit+^K  hold  water  very  loosely,  mid  in  com  I  lining  with  it  evolve 
little  heat.  From  other  liydraten  the  WAter  cannot  he  separated  by  any  degree'  of  heat, 
even  if  they  tire  formed  from  anhydridei*  (!>.»  anhydrous  Huhjitancett)  and  water  with 
little  evolution  of  beat;  for  iufttAiiee,  aeetic  aubydride  in  combining  with  water  evolves  an 
inconniderable  amount  of  heat,  hut  the  wat<.^r  rannot  then  l>e  ex|ielled  from  it.  If  the 
hydrate  {Oicetic  atid'i  fonned  hy  thin  eorabintttinn  he  Btnuiply  heated  it  either  vrdatilisen 
without  tdianpe^  ordecomptmert  into  new  MuhstanceH,  hut  it  doe,H  not  iiji^aiii  yield  the  oriji^iual 
Bubiftanees— i'.*'.,  the  unbydride  and  water.  Here  in*  an  incitanee  which  ^iven  the  rennon 
for  calling  the  water  entering  'i^to  the  crim]>if^ition  of  the  hydrate,  water  of  LoniititatianH 
Sueh,  fnr  example,  th  the  water  etitoTing  into  the  Hoealled  eauntic  soda  or  sodium 
hyilrnxide  ist-e  note  711.  But  there  are  liydraten  which  easily  part  with  their  water;  yet 
thirt  water  t-annot  tte  considered  aH  water  of  cry Hbillif^atioii,  not  only  becau«e  wmietimeHi 
niich  hydrate**  have  no  cryKtalline  form »  but  alwn  becauHc^in  perfectly  iinalogoui^  rases, 
very  stable  hydratcH  are  font^ed,  which  are  oapoble  of  jiarticular  kindh  of  chemical 
reiu'tionM,  afi  we  Hhall  learn  afterwards*  In  a  word,  there  in  not  a  distinct  boundary 
either  hetween  the  water  of  hydratew  and  of  cryHtallisation,  or  between  holution  ami 
hyrlratioii. 

It  ijiuftt  he  observed  that  in  separating  from  an  ac)ue<rjUH  solution,  many  i^uhetanceii, 
without  having  a  crystalline  form,  bold  water  in  the  uanie  uiiHtable  i^tate  an  in  cryt*tal»; 
only  thiH  water  cannot  he  tenned  *  water  of  cry»*bdliHtttinn  '  if  the  eubtitanee  which 
MeparateH  out  has  no  crystalline  form.  The  hydrttten  of  aluminiA  and  -silica  are  examples 
of  iuch  umstable  hydrates.  If  thene  ftubftlAHees  are  Hopamted  from  an  a({ueonH  hoIu- 
tioii  hy  a  cheiuii:  al  procesi*,  then  they  always  contaiu  water,  and  when  dried  at  a 
definite  teiuperatnre,  »o  that  the  hygrogcopic  water  may  jwihh  f»ff.  tliene  HubHtanccH  hold 
water  m  a  detinitw  profjortion.  The  ff>nuation  of  a  new  chemical  compound  containing 
water  m  hvte  partieuhirly  evident,  for  alumina  and  siliea  iti  an  anhyrlrouw  etatg  have 
pro|iertieK  differing  from  tlfone  they  ehow  when  combined  with  water,  and  do  not  combine 
directly  with  it.  The  entire  ^OTieK  of  ctdlyidn.  on  separating  from  water  fonn  similar 
comf)OUtidN  with  it,  which  have  the  aKjiect  of  Rolid  Muhstancesi  generally,  without  crvBtal- 
line  stniLture.     Bet^iduH  which,  colloida  retain  watt?r  in  other  different  HtiLtesUce  notes  57 
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We  have  Uius  considered  many  aspects  and  degrees  of  combination 
of  various  substances  with  water,  or  instances  of  the  compounds  of 
water,  when  it  and  otlier  substances  form  new  homogeneous  substances, 
which  in  this  case  will  evidently  be  complex — i.e.,  made  up  of  different 
substances — and  although  they  are  homogeneous,  yet  it  must  be  admitted 
that  in  them  there  exist  those  component  parts  which  entered  into  their 
composition,  inasmuch  as  these  parts  may  be  re-obtained  from  them.  It 
must  not  be  imagined  that  water  really  exists  in  hydrate  of  lime,  any 
more  than  that  ice  or  steam  exists  in  water.  When  we  say  that  water 
occurs  in  the  composition  of  a  certain  hydrate,  we  only  wish  to  point 
out  that  there  are  chemical  transformations  in  which  it  is  possible  to 
obtain  that  hydrate  by  means  of  water,  and  other  transformations  in 
which  this  water  may  be  separated  out  from  the  hydrate.  This  is  all 
simply  expressed  by  the  words,  that  water  enters  into  the  composition 
of  this  hydrate.  If  a  hydrate  be  formed  by  feeble  bonds,  and  be  decom- 
posed at  even  the  ordinary  temperature,  then  the  water  appears  as  one 
of  the  products  of  dissociation,  which  in  all  likelihood  is  the  case  in 
solutions,  and  forms  the  fundamental  distinction  between  them  and 
other  hydrates  in  which  the  water  is  combined  with  greater  stability 
and  forms  a  solid  substance. 

and  18),  and  raont  often  form  gelatinons  maBses.  Water  is  held  in  a  conHiderable  quan- 
tity in  Holidified  glue  or  boiled  albumin.  It  cannot  be  expelled  from  them  by  pressure ; 
hence,  in  this  case  there  has  ensued  some  kind  of  combination  of  the  substance  with  water, 
This  water,  however,  is  easily  separated  by  drying ;  but  not  the  whole  of  it,  a  portion 
being  retained,  and  this  portion  belongs,  as  they  say,  to  the  hydrate,  although  in  this 
case  it  is  very  difficult,  if  possible,  to  obtain  definite  compounds.  The  absence  of  any 
distinct  boundary  lines  between  solutions,  crystallo-hydrates,  and  ordinary  hydrates 
above  referred  to,  is  very  clearly  seen  in  such  examples. 
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CHAPTER   II 

•         THE   COMPOSITION   OF   WATER,    HYDROGEN 

The  question  now  arises,  Is  not  water  itself  a  compound  suhstayice  ? 
Cannot  it  be  formed  by  the  mutual  combination  of  some  component 
parts  ?  Cannot  it  be  broken  up  into  its  component  parts  ?  There  can- 
not be  the  least  doubt  that  if  it  does  split  up,  and  if  it  is  a  compound, 
then  it  is  a  definite  one  characterised  by  the  stability  of  the  union 
between  those  component  parts  from  which  it  is  formed.  From  the 
fact  alone  that  water  passes  into  all  physical  states  as  a  homogeneous 
whole,  without  in  the  least  varying  in  its  properties  and  without  split- 
ting up  into  its  component  parts  (neither  solutions  nor  many  hydrates 
can  be  distilled— they  are  split  up),  we  must  already  conclude,  from  this 
fact  alone,  that  if  water  is  a  compound  then  it  is  a  stjible  and  definite 
chemical  compound.  Like  many  other  great  discoveries  in  the  province 
of  chemistry,  it  is  to  the  end  of  the  last  century  that  we  are  indebted 
for  the  important  discovery  that  water  is  not  a  simple  substance,  that 
it  is  composed  of  two  substances  like  a  number  of  other  compound  sub- 
stances. Tliis  was  proved  by  two  of  the  methods  by  which  the  com- 
pound nature  of  bcxlies  may  be  determined  as  self-evident  ;  by  analysis 
and  by  synthesis — that  is,  by  a  method  of  the  decomposition  of  water 
into,  and  of  the  formation  of  water  from,  its  component  parts.  In  1781 
Cavendish  tiret  obtained  water  by  burning  hydrogen  in  oxygen,  both  of 
which  gases  were  already  known  to  him.  He  concluded  from  this  tliat 
water  was  comj)osed  of  two  substances.  But  he  did  not  make  more 
accurate  experiments,  which  would  have  shown  the  relative  quantities 
of  the  component  parts  in  water,  and  which  would  have  determined  its 
complex  nature  with  certainty.  Although  his  experiments  were  the 
first,  and  although  the  conclusion  he  drew  from  them  was  true,  yet  such 
novel  ideas  as  the  complex  nature  of  water  are  not  easily  recognised  so 
long  as  there  is  no  series  of  researches  which  entirely  and  indubitably 
proves  the  truth  of  such  a  ccmclusion.  The  fundamental  experiments 
which  pro\  (id  the  complexity  of  water  by  the  method  of  synthesis,  and 
of  its  formation  from  other  substances,  were  made  in  1789  by  Monge, 
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Liiv«jisier,  FoutdX)y,  ami  Vaui|uelin.  They  obtained  four  ounces  of 
water  by  burninj^  hydrogen,  and  found  that  water  consists  of  15  parts 
of  hydroLfen  and  8'»  parts  of  oxygen.  It  was  also  proved  that  the 
weight  of  water  formed  isvas  erjual  to  the  sum  of  tlje  wei^'hts  of  the 
component  parts  entering  into  its  composition  ;  consequently,  water  con- 
tain^ all  the  matter  entering  into  oxygen  and  hydrogen.  The  coin 
plexity  of  water  was  proved  in  this  manner  by  a  method  of  synthesis. 
But  we  will  turn  to  its  analysis— i.g.,  to  its  decomposition  into  its  com- 
ponent parts.  The  analysis  may  be  more  or  less  complete.  Either 
both  comfHJnent  parts  may  be  obtained  in  a  separate  state,  or  else 
only  one  is  separated  and  the  other  is  converted  into  a  new  compouod 
in  which  its  amount  may  be  determined  by  weighiiA  Tim  will  be  a 
refietioii  of  substitution,  such  as  is  often  taken  lid  vantage  *if  for 
analysis.  The  first  analysis  of  water  was  thus  eondncted  in  1784  by 
Lavoisier  anil  ileu&nier.  The  apparatus  they  arranged  consisted  of  a 
glass  retort  containing  water,  natunUly  purified,  and  whose  weight  liad 
been  previously  determined.  The  neck  of  the  retort  was  inserted  into 
a  poroolaio  tulie,  placed  insirle  an  oven,  and  heated  to  a  red  heat  by 
charcoal.  Iron  filings,  which  decompose  wat^r  at  a  red  heat,  were 
placed  inside  this  tube.  Tht^  end  of  the  tube  was  connected  with  a 
worm,  for  c<»ndensing  any  water  wliieh  uiight  pass  through  the  tube 
undecoinposed.  This  condensed  water  was  collected  in  a  separate  tlask. 
The  gas  formed  by  the  decomposition  was  collected  over  a  water  bath 
in  a  bell  jar.  The  a(|ueous  vapour  in  passing  over  the  red-hot  iron  was 
decompased»  and  a  gas  was  formed  from  it  whose  weight  could  be 
fleterminefl  fr<mi  its  volume,  its  density  l»eing  known.  Besides  the 
water  which  passed  thrnugli  the  tul:»e  unaltered,  a  ceijtain  quantity  of 
water  rli.sappeared  in  the  experiment,  and  this  quant itV,  in  the  experi- 
ments f*f  Lavoisier  and  Meusnier,  was  I'qual  to  the  wJ[glit  of  the  gas 
which  w^as  collected  in  the  bell  jar  plus  the  increase  iA^weight  of  the 
in>n  filings.  Hence  the  water  was  decomposed  into  al^s,  which  was 
collected  in  the  liell  jar,  and  a  suljstaiiee,  whicli  comlli^l  with  the 
iron  ;  consequently,  it  is  composed  of  these  two  component ^Mlg.  This 
was  the  first  analysis  of  water  ever  made  ;  but  here  onl^^me  (unci  not 
both)  of  the  gaseous  comjument  parts  oi  water  was  col^Ked  sepaiately. 
Both  the  component  parts  of  water  can,  however,  ^^simultaneously 
obtained  in  a  free  state.  For  this  purp<jse  the  decfiu 
about  by  a  galvanic  current  or  by  heat,  a.s  we  shall 


tion  is  brought 
bi  directly. 


•  Tlie  liff-t  experiments  of  the  synUiemi*  iitid  deoompoHition  of  u^^:  did  not  aHordf 
hoMrever*  mi  tmtirely  couviinnnp  |irot>f  that  water  was  conijioued  of  hydr^l^ii  and  oxygen 
only.  Diivy,  who  uivestigiil^d  the  dtfcomposition  of  vriit^^r  by  the  gttlvAinc  cnrrent, 
Ihoiight  tor  a  loog  tinus  that,  besidoB  the  gaaei^,  an  iicid  iiiid  alkiili  warv  iilfk]  oL>taui«d. 
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Water  is  a  bad  conductor  of  electricity — that  is,  pure  water  tloes 
not  transmit  a  feeble  current  ;  but  if  any  salt  or  acid  be  tlissolved  in 
it,  then  its  conduetivity  increases,  and  tm  the  pdsmgp  of  a  current 
through  acidified  water  it  is  dfctmijMsed  into  its  component  parts. 
Some  sulphuric  acid  is  generally  added  to  tlie  water.  By  immersing 
platinum  plates  (electrodes)  in  this  water  (platinum  is  chosen  bec^iuse 
it  is  not  acted  on  by  acids^  whilst  many  other  metals  are  chemically 
acted  on  by  acids),  and  connecting  them  with  a  galvanic  Imttery,  it 
will  be  obser^•ed  that  bubbles  of  gas  appear  on  these  plates.  Tlie  gas 
which  sepamtes  is  called  (htonntinfj  gw^y^  Viecause,  on  approaching  a 
light,  it  %*ery  easily  explodes.^  What  takes  place  is  as  follows  : — First, 
the  water,  by  the  action  of  the  cmrent,  is  decomposed  into  two  gases. 
The  mixture  of  these  gases  forms  detonatiug  gas*  When  detonating 
gas  is  brought  into  contact  with  an  incandescent  substance — for  instance, 
a  lighted  taper — the  gases  re-combine,  forming  water,  the  combination 
being  accompanied  by  a  great  evolution  of  heat,  and  therefore  the 
vapour  of  the  water  foiTned  expands  consideralily,  which  it  does  very 
rapidly,  and  iis  a  consequence  of  which  an  explosion  takes  place  -that 
is,  sound  and  increase  of  pressure,  and  atmospheric  commotion,  as  in 
the  explosion  of  gunp* »wder. 

In  order  to  iliseover  what  gases  are  obtained  by  the  clecom' 
position  of  water,  the  gases  which  separate  at  e^ch  electrode  must 
be  collected  separately.  For  this  purpose  a  V-sliaped  tube  is  taken  ; 
one  of  its  ends  is  open,  and  the  other  fused  up.  A  platinum  wire, 
terminating  inside  the  tube  in  a  plate,  is  fused  into  the  closed  end  ; 


He  w«i«  onljf  oanvinced  of  thw  fact  thiit  wa-ter  cofttain«(  nothing  but  hydrogen  and  oxjgen 
by  II  long  ^eriee  of  «*ifteaJ"cheB,  which  showed  him  that  Uie  ap|>ert ranee  of  an  acid  #ind 
lilkah  iu  the  decomDOBition  oJ  wtttt^r  procet'ds  from  the  preAcnct^  of  impuritien  (tsspwcmny 
from  the  prescncofof  ammoninm  nitrate)  iu  water.  A  iSnAl  underH  tan  ding  of  the  oonj^ 
po«ition  of  water  i^btained  from  tb*^  detcnnimvtion  of  the  quantiti^fi  of  the  component 
pturts  which  enter  into  its  compn-tition.  It  will  b-e  »een  from  this  how  many  diitu  ure 
necOBftary  for  proviii^r  the  rompoHition  of  water — i\\n.i  i&,  of  tbo  invn^fonnationa  of 
whicb  it  is  capable.  What  haa  Wen  &altll  of  water  n^fcrs  to  all  other  compound**;  the 
tDTeeiigatiaat^f  each  onc»  th«  entire  i>rm}(  of  itw  cjompositionj  can  only  be  obtained  by  the 
jartapuHilioii  ol^Jargu  masM  of  data  referring  to  it. 

'  This  gaH  ia^Hlecbed  in  li  voltiLineter. 

*  In  order  to  c^H|rv'»  this  explutiion  without  tht*  tihghent  danger,  it  i»  best  to  proceed 
In  the  following  ni^Hb*.  Some  soapy  water  \^  prepared,  bo  th^t  it  easily  forma  soap 
bubblea,  and  it  is  l>^H|d  into  an  iron  trough.  In  thia  water,  the  end  of  a  gaB-eonducting 
tube  ikt  immersed.  ^Bi^  tube  is  connected  with  any  uuitable  apparatus,  in  which 
detonating  giiB  Ih  J^Rved.  Soap  bnbblea,  full  of  tbiti  gaH^  are  then  formed^  If  the 
apparatus  in  whid^^e  gah  in  produced  be  then  removed  (otherwifle  the  explosion  might 
travel  into  i\\e  '^^tior  of  tlnH  appartitim),  and  a  li|;hted  tat>or  be  brought  to  the  soap 
babbles,  a  TerPlntikrp  i^donion  takes  place.  The  bubbles  should  lit'  nniall  to  avoid  any 
dimger;  ien^  each  Rbbout  Ihu  aixe  of  n  pea,  Buffioe  to  give  it  Bliarp  reiMirt;^  like  a  piBtol 
allot. 
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the  closed  end  is  entirely  tilled  with  wiiter  *  aciditied  with  sulphuric 
acid^  and  another  platinum  wire,  terrainating  in  a  phitej  is  immersed  in 
the  open  end.  If  a  current  from  a  fjalvanic  battery  be  now  passed 
through  the  wires  an  evolutit>n  of  ;j[a&es  will  l>e  observe*!,  and  the  ^^as 
which  is  obtained  in  tbf  open  bnineh  mixes  with  the  air,  while  that  in 
the  closed  branch  accumulates  aljovc  the  water.  As  this  gjis  accumu- 
lates it  displaces  the  water,  which  continues  to  <lescend  in  tlie  chised 
and  ascend  into  the  open  branch  ui  the  tubes.  When  the  water,  in 
this  way,  reaches  the  top  of  the  open  end,  the  i^assiige  of  the  current  is 
stopped,  and  the  gas  which  was  evolved  from  one  of  tlie  electrwles  only 
is  obtained  in  the  apparatus.  By  this  means  it  is  easy  to  prove  that  a 
particular  gas  appears  at  each  elect rofle.  If  the  closed  end  be  con- 
nected with  the  negative  pole^t*<e,,  with  that  joined  Uj  tlae  zinc — then 
the  gas  collected  in  the  appanitus  is  cajiable  of  l>urning.  This  may  lie 
demonstrated  hy  the  following  experiment  : — The  bent  tube  is  taken 
oif  the  stand,  and  its  open  end  stopped  up  with  the  thund)  and  inclined 
in  such  a  inanner  that  the  ^as  passes  frnm  the  closed  to  the  open  enrL 
It  will  then  be  found,  on  applying  a  lighte^l  lamp  or  tAper,  that  the 
gas  bums.  This  combustible  gas  is  hydrogen^  Tf  the  same  experiment 
l>e  carried  on  with  a  current  pa'^sing  in  the  opposite  direction — that  is, 
if  the  closed  end  be  joined  up  with  the  jjositive  pole  (j.^,,  with  the 
carbon,  copper,  or  platinum),  then  the  gas  which  is  evolved  from  it  does 
not  bum  of  it-self,  but  it  supports  combustion  very  vigorously,  so  that 
in  it  a  smouldering  taper  immediately  l>ursts  into  flame.  This  gas, 
which  is  collected  on  the  anode  or  positive  pole,  is  oxygen^  which  is 
obtainec],  as  we  saw  before  (in  the  Introduction)^  from  mercury  oxide 
and  is  contain e<l  in  air. 

Thus  in  the  decouifjosition  of  water  oxygen  appears  at  the  positive 
pole  and  hydrogen  at  the  negative  p>le,  so  that  detonating  gas  will  be 
a  mixture  of  them  bath.  Hydmgen  burns  in  air  from  the  fact  that  in 
doing  so  it  re-forms  water,  witli  the  oxygen  of  the  air.  Detonatiiig 
gas  explodes  from  the  fact  that  the  hydrogen  burns  in  the  oxygen 
ntixed  with  it.  It  is  vei-y  easy  to  measure  the  relative  cjuan titles  of  on© 
and  the  other  gas  which  are  evolved  in  the  decomposition  of  water. 
For  this  purpose  a  funriel  is  taken,  whose  oriiice  is  closed  by  a  cork 
I  through  which  two  platinum  wires  pass.  These  wire^  are  connected 
with  a  Kattery*  AcidiHed  water  is  poured  into  the  funnel,  and  a  glass 
cylinder  full  of  water  is  placed  over  the  end  of  each  wire  (fig,  l^^). 
passing  a  current,  hydrogen  and  oxygen  crillect  in  these  cylinders, 

*  In  order  to  fill  tXw  tul>e  with  water,  it  ia  ttimtHi  up,  %o  thiil.  tlie  closed  eiul  points 
downwards  And  the  open  end  upwiu^H,  and  waU^r  acidi£i«Ni  with  nulphuric  acid  im  poun?d 
Bio  VL 
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and  it  will  easily  be  seen  that  two  vokiines  of  hydrogen  are  evolved  for 
every  one  volume  of  oxygen.     This  signifies  that,  in  tiecomposing,  water 
gives  two  volumes  of  hydrogen  and  one  volume 
of  oxygen. 

Water  m  also  decomposed  into  its  com- 
ponent part«  by  the  nation  of  k^aL  At  the 
melting  point  of  silver  (960°)^  and  in  its  pre- 
sencOt  water  is  decomposed  and  the  oxygen 
absorbed  by  the  molten  silver,  which  dissolves 
it  so  long  as  it  h  Htjuid.  But  directly  the 
silver  solidities  the  oxygen  is  expelled  from  it. 
However,  (his  exf>erinient  is  not  entirely  con- 
vincing ;  it  might  bethought  that  in  this  case 
the  di^con^ptisition  of  the  water  did  not  proceed 
from  thr*  action  of  Imat,  but  frrim  the  action 
<*f  the  silvi'r  on  water — that  bilver  decom- 
poses water;  taking  up  the  oxygen*  It  is  im- 
pnssil)Ie  to  direutly  *sliow  the  decomposition 
of  wafer  by  the  urtion  of  heat,  because  the 
com  pi  men!  parts  of  water,  if  they  remain 
together,  re-combine  with  a  f^ill  of  temperature,  and  give  water  back 
again.  For  instance^  if  steam  be  passed  through  a  red-hot  tube, 
'whose  internal  temperature  attains  1,00U^  then  a  poi  tion'^  of  the  water 
decomposes  into  its  component  parts,  forming  detonating  gas.  But  on 
passing  into  the  cooh:!r  portions  of  the  apparatus  this  detonating  gas 
again  reunites  and  forms  water.  The  hydrogen  and  oxygen  obtained 
combine  together  at  a  lower  temperature/*     Apparently  the  problem — 


Tii 


by  the  (fulvanic  curreiif.  im 
detentdiiing  the  rc^lnt uni  U  - 
tween  the  vuIuiueHof  hyflmjfi-u 
»Dd  oxygen. 


*  Ab  Wftter  IB  formed  by  the  t'omhiiiAtiou  of  oxygen  und  hydrogen,  the  reaction  evolvini? 
muoli  heal,  and  a»  it  eim  also  he  fTecotiiixiftfci,  tht^tefore  this  reiietion  is  a  reversible 
on*^  iat'fi  Introduction),  arid  t'oriReijnciUly  ot  a  hijfli  tempcratnre  the  decomposition  of 
water  ciinnot  be  I'omplet,*^ — it  is  hmit*»d  Viy  tbi':  opposite  reaction.  Strictly  »peftkiog,  it  is 
not  koomi  how  much  vviiit^r  h  deroinpnH.ed  at  a  jfivtri  ttMiiperatnre,  although  many  efforts 
(Buiiiwrn*  and  othfcrMi  have  been  made  iji  various  direction*^  to  tiolve  tliis  qu<?Btion,  Not 
knowing  the  eoeflicient  of  expan«ioii^  and  the  specific  heat  of  ga^ef^  at  «nrh  hi^di  tern- 
pertitureHi  renders  all  calculations  (from  obKervationH  of  the  prei^sure  on  eKplofiion) 
d{fubtfnb 

"  Grove^  about  184(1,  obfterved  that  a  pluttnuni  wire  fused  in  the  Hauie  of  detonating 
gii.B — tbiit  if*,  hftinnj?  acquired  the  tempera ture  of  the  forumtiou  of  wattT—aud  having 
foniied  A  molten  drop  iit  itR  fitd  which  fell  into  water,  evolved  d*.*tonatin^  gat« — that 
is^  decomposed  water.  It  therefore  follows  that  water  already  decomposeH  at  tl^e  tern- 
lierature  of  it»  formation.  At  tbut  tinie^  thiw  formed  a  scientific  paradox ;  thin  we  shall 
unnivel  only  with  the  develojimeiit  of  the  coiicei>tionH  of  diRstxnation,  inlrtiduced  into 
science  by  PTenri  Sainte-Claire  Dt^ville,  alHiut  1K50.  Thewe  cont'e|»tions  fonu  an  im- 
liortant  epoch  in  science^  and  their  developineivt  is  one  of  the  proldeiuw  of  contemporary 
chemistry.  The  essence  of  the  matter  is  thai,  at  high  teiuf>eratiirep,  water  cuisilH  liutalf*o 
decomposes,  JQsfc  as  a  volatile  Hquid^  at  a  certtiiu  teni|H.n-ature,  exieitHl>othaH  a  liquid  and 
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to  show  the  decomposabilit y  of  water  at  high  temperatures  —La  uii- 
attaiiiable«  It  wa^  consiilereil  as  such  before  Henri  Sain te- Claire 
DeviJle  (in  the  fifties)  introdticed  the  conception  of  diBSociatiun  into 
chemistry,  as  of  a  change  of  chemical  state  resembling  evaporation,  if 
dc^compo(sition  be  likened  to  boiling,  and  before  he  had  demonstrated 
the  deconifHjsability  of  water  by  the  action  of  heat  in  an  experiment 
which  will  presently  \>e  descril)ed.  In  ortler  to  deuion.strate  clearly  the 
disnociation  of  water,  or  its  decompo«ability  by  heat,  at  a  temperature 
approaching  that  at  which  it  Is  formed  (an  a  volatile  liquid,  at  a  given 
temperature,  can  be  either  in  a  liquid  or  vaporous  condition)  it  was 
necessar}'  t4i  separate  the  hydrogen  from  the  oxygen  at  a  high  tempe- 
rature, without  allowing  the  mixture  to  cooL  Devil le  took  advantage 
of  the  difference  between  the  densities  of  hydrogen  and  oxygen. 

A  wide  porcelain  tube  P  (tig.  U))  is  placed  in  a  furnace  giving  a 


riu.  m    I 


irntionof  tlitf  }iydrQ(f«u  fonfjjnlt»y 


strong  heat  (it  should  be  heatf  <i  uitu  small  pieces  of  good  coke).  In 
this  tul>e  there  is  inseited  a  second  tiil>e  T,  of  less  diameter,  and  made 
of  uHijlazed  earthenware  ancl  therefore  jxiroas.  The  ends  of  the  tube 
ore  luted  to  the  wide  tube,  and  two  tubes,  c  and  c\  are  inserterl  into 
the  ends,  as  shown  in  the  drawing.  With  this  arrangement  it  is 
pcissibJe  fur  a  gas  to  p^iss  into  the  annular  space  between  the  walls 
of   the  twr»  tubes,   from    whence   it   can    be   collected.     Stotira  from 


AS  «  VApnur.  Birniliirly  as  it  voliitile  licjtiid  i»atorRtes  a  space,  attftmitig  it*  tnuutimuni 
Ittunon,  M>  iil4Ht  iite  produclfi  of  rlJf«$«>ciKtion  htkX**  tlunr  maximnm  tension,  &nd  onc«  th&t  i» 
ftUftioed  di'CLitnptteitioii  cemiiefi,  jiit^t  aa  «7vapcrrut)oii  een^tMi,  Under  like  conditionKf  il 
Um  VApottr  be  iiUoweil  to  e»eApe  (und  therefore  its  iiartiid  pressure  be  diminished),  evAporu.- 
lion  reconimcnceA,  #o  al^  if  tlie  jirodQct^  of  dei.'Oini.iof'ition  be  removed,  decomposition 
ii^^iiin  roiitinoeft.  These  «imple  eonceptiont-  of  di»M:>c'iation  introduce  infinitely  varied 
ccmjMH|oeiic#H  itito  the  mechftmiim  of  cheDuc4^  reiiction«i,  luid  therefore  we  iihidl  hAvc 
I  to  return  to  them  very  often. 
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a  retort  or  tlask  is  passed  thrmigU  the  tube  d,  iiito  the  int-ernal  porous 
tube  T.  This  steam  on  entering  the  red  hot  space  is  decomposed  into 
hydrogen  nnd  oxygen.  The  densities  of  these  gases  are  very  different, 
bytiiogen  being  sixt^een  times  lighter  than  oxygen.  Light  gases,  as  we 
s^iw  filKwe,  penetrate  through  porous  surfaces  very  much  more  rapidly 
than  denser  griwes,  and  therefore  the  hydrogen  passes  through  the  pores 
of  the  tube  into  the  annular  space  very  much  more  rapirlly  than  the 
t»xygen.  The  hydrogen  which  separates  out  into  the  annular  space 
can  only  be  collected  when  this  space  does  not  contain  any  oxygen. 
If  any  air  remains  in  this  space,  then  the  hydrogen  which  separates 
out  will  combine  with  its  oxygen  and  form  water.  For  this  reason  a 
gas  inca^Jable  of  supporting  combustion — for  instance,  nitrogen — is  pre- 
viously passed  in  the  aimular  space.  Thus  the  nitrogen  is  passetl 
through  the  tube  c,  and  the  hydrogen,  separated  from  the  steam,  is 
collected  through  the  tube  c',  and  will  be  partly  mixetl  with  nitrogen. 
A  certain  prjrtion  of  the  nitrogen  will  penetrate  through  the  pores  of 
the  unglazed  tul»e  into  the  interior  of  the  tulie  t.  The  oxygen  will 
rem  am  in  this  tube,  and  the  volume  of  the  remaining  oxygen 
w  ill  be  half  that  of  the  volume  of  hydrogen  which  separates  out  from 
the  annular  space.  Part  of  the  oxygen  will  also  penetrate  through 
the  pores  of  the  tube  ;  but,  as  was  said  before,  a  much  smaller  quan- 
tity than  the  hydrogen,  and  as  the  density  of  oxygen  is  sixteen 
times  gi-e^iter  than  that  of  hyrlrogen,  the  \olunie  of  oxygen  which 
passes  through  the  porous  walls  will  be  four  times  less  than  the  volume 
of  hydrogen  (the  quantities  of  gases  passing  through  porous  walls  are 
inversely  proportional  to  the  square  roots  of  their  densities)^  The 
oxygen  which  sepii^tttes  out  into  the  annular  space  will  combine,  at  a 
certain  fall  of  tempemture,  with  the  hydrogen  ;  liut  as  each  volume  of 
oxygen  only  requires  two  volumes  of  hydrogen,  whilst  at  least  four 
volumes  of  hydrogen  will  pass  through  the  porous  walls  for  every 
volume  of  oxygen  that  passes,  tlierefore,  part  of  tlie  hydi*ogen  will 
remain  free,  and  can  be  collected  from  the  aiuaular  space.  A  coiTe- 
sponding  quantity  of  oxygen  remaining  from  the  decomposition  of  the 
whaler  can  be  collected  from  the  itilernal  tube. 

The  decomposition  of  water  is  produced  much  more  easily  by  a 
method  of  substitution^  taking  advantage  of  the  affinity  of  substances 
for  the  oxygen  tU'  the  hydrogen  of  water,  Tf  a  substance  be  added  to 
water,  which  takes  up  the  oxygen  and  replaces  the  hydrogen — ^then  we 
shall  obtain  the  latter  gas  from  the  water.  Thus  with  sodium,  watei' 
gives  hydrogen,  and  with  chlorine,  which  takes  up  the  hydrogen, 
oxygen  is  obtained. 

Hydrogen  is  evolved  from  water  by  many  metals,  which  are  capable 
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of  forming  oxidej=  (rusts  or  earthg,  asStahl  called  tliem)  in  air-- that  is, 
wliich  are  capable  of  btirning  or  combining  with  oxygen.  The  capacity 
of  metals  for  combining  with  oxygen,  and  thei*efore  for  decomj:K>sing 
water,  or  for  the  evolution  of  hydrogen,  in  very  dissimilar.*  Among 
metals,  potassium  and  sodium  have  the  gi-eatest  energy  in  this  respect. 
The  first  occurs  in  potash,  the  second  in  soda.  They  are  both  lighter  than 
water,  soft,  and  easily  change  in  air.  By  bringing  one  or  the  other  of 
them  in  contact  with  water  at  the  ordinary  temperature,*^  a  quantity  of 


^  In  order  to  demonstrate  the  difference  of  the  fkffiuUy  of  oxygen  for  different 
elements,  it  i»  eiiongb  to  com|»wrG  thts  junountH  of  l*etit  wliichare  evolved  in  their  coiubi- 
tuition  vrith  10  partti  by  weight  of  oxygen  ;  iu  the  caso  of  soditUD  (when  Na^O  is  foriuod, 
txrlfipmrtfl  of  N*  combine  wiUi  lU  parts  of  oxygen,  According  to  Beketoff)  100,000  coiones 
(or  cmitH  of  heat)  are  evolved*  for  hydrogen  (when  water,  H.O,  is  formed)  69,000  caktries, 
for  iron  (when  the  oxide,  FeO,  is  formed)  tWJ,O0O,  and  if  the  oxide  Fe^O^  ii  formed^ 
^,00U  calorteiit  for  dnc  (ZnO  in  formed)  H6,000  calories,  for  lead  (when  PbO  ii  formed) 
51,000  ciiiorieB,  for  copper  (when  CuO  is  formed/  9^,000  calories^  and  for  mercury  (HgO  i» 
f04*me<i)  81,000  cnJoriets. 

The^  tijcnres  eannot  correspond  directly  with  the  magnitude  of  the  affinities,  for  lh« 
phyisicftl  and  meclianiea.1  &ide  of  the  matter  ta  very  different  in  the  different  OftM*. 
Hydrogen  is  a  gas  and,  in  combining  with  oxygen,  givea  a  liquid  ;  conseqneutly  it  ch&ngea 
ito  phyueal  fitate,  and,  in  doing  m,  evolves  beftt.  But  zinc  and  copper  are  aolids,  and, 
in  oomblniug  with  oxygen,  give  solid  oxides.  The  oxygen,  previoualy  a  gaa,  now  paaaea 
into  a  solid  or  liquid  state,  and,  therefore,  abo  xan&i  have  given  up  iti»  store  of  beat  in 
forming  oxides.  As  we  ab&U  afterworde  «ee,  the  degree  of  contraetion  (and  conse- 
quently of  mechjinicftl  work)  wan  difTerent  in  the  diilereut  casea,  and  therefore  the 
figures  expreHKitxg  the  heat  of  combltiation  cannot  directly  depend  on  Ike  aifinitieH,  on 
the  loatii  til  internal  energ)'  pre\iouMly  in  tbe  elemental  NevertheleHs,  the  flguiea  above 
cited  oofrrespond,  in  a  certain  degree,  with  the  order  in  which  the  elemeata  Atand  in 
respect  to  their  afiinity  for  oxygen^  as  may  be  seen  from  the  fact  tliat  the  mercury  oxide, 
which  evolves  the  leiuit  heat  (among  tbe  above  examples),  ia  the  least  stable,  ia  easily 
deoomposed,  giving  up  its  oxygen ;  whilst  sodium,  the  formation  of  whose  oxide  is  acoom- 
panied  by  the  greatest  evolution  of  heat,  is  able  tp  decompose  all  the  other  oxides,  taking 
up  their  oxygen.  In  order  to  generalise  the  eotmeotion  between  aJ&iity  and  the  evolu- 
tiou  and  the  abf)or|)tiun  of  heal,  which  is  evident  in  itn  general  features,  and  was  Armly 
establtidied  by  tbe  reaearehes  of  Favre  and  Silbemian  (about  1840),  and  tlieu  of  Thomsen 
(tn  Denmark)  and  Beitbelol  (in  France),  many  tuve«tigator«,  especially  the  one  last 
ii]«lltiotied,  established  the  la  w  of  tnaxim  utn  work.  This  states  that  only  those  chemical 
raaeliana  take  place  (jf  their  own  ujccnrd  in  which  the  greatest  amoont  of  ehaniical 
(latent,  potential)  enerr!:y  is  transformed  into  heat.  But,  in  the  first  place,  we  are  not 
able,  judging  from  what  has  been  «aid  above,  to  diKtinguiMh  that  heat  which  correspondB 
with  purely  chemical  action  from  the  sum  total  of  tbe  heat  obHerted  in  a  reaction  (in  the 
calorimeter) ;  in  the  i^econd  place,  there  are  evidently  eudothenual  reactions  which 
proc<eod  under  the  Ksme  circamstances  ss  exothermal  (carbon  bums  in  Uie  vapour  of 
sulphur  with  absorfttion  of  heat,  whilst  in  oxygen  it  evolves  heat) ;  and,  in  the  third 
place,  there  are  reversible  reactions,  which  when  taking  place  in  one  direction  evohe 
beat,  and  when  taking  place  in  the  opposite  direction  absorb  it;  and,  tlierefore,  the 
linnciple  of  maximum  work  in  its  elementary  form  is  not  snpported  by  scienee.  But  the 
«iilij6e4  oootimiea  to  be  developed,  and  will  probably  lead  to  a  general  l*w«  such  a* 
ilieanal  dumi^try  does  not  at  praaeni  poaseas. 

*  If  n  pieo*  of  metAllte  aodium  be  thrown  into  water,  it  floatc  on  it  (owing  to  ita  light' 
nasa),  keep*  in  ft  state  erf  conlinDal  movement  (owing  to  the  erolntum  of  hydfofsn  on 
all  aides),  and  immediately  deoosnpoaes  the  water,  evolving  hydrogen,  which  can  be 
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liydrogen,  corresponding  with  the  amount  of  the  metal  taken,  nmy  be 
directly  obtainecL  One  gram  of  hydrogen,  occupying  a  volume  o£ 
11  "16  litres  at  O''  and  760  mm.^  is  evolvf-d  per  M)  gmms  of  potassium, 
or  23  grams  of  sodium.  The  plienomeuou  may  Ijc  observed  in  the 
following  way  :  a  solution  of  sodium  in  mercury  or 'sodium  amalgam,' 
as  it  is  generally  called — is  poured  into  a  vessel  containiog  water,  and 
owing  to  its  weight  sinks  to  the  bottom  ;  the  NO<lium  held  in  the 
merfury  then  acts  on  the  water  like  pure  sodium,  libei^ating  hydrogen. 
The  mercury  does  not  act  here,  and  tliesame  amount  of  it  as  was  taken 
for  dissolving  the  sodium  is  obtained  in  the  residue.  The  hydn>gen  is 
evolved  little  hy  little  in  the  form  of  bubbles,  which  pass  through 
the  liquid. 

Beyond  the  hydrogen  evolved  and  a  solid  substance^  which  I'emaiiLs 
in  solution  (it  may  be  olttained  l*y  evaporating  the  resultant  solution), 
no  other  pinxlucts  are  hereoljtained.  Consequently,  from  the  two  sub- 
stances {w^ater  and  sodium)  taken,  the  same  immlier  of  new  substances 
(hydrogen  and  the  substance  dissolved  in  water)  hnve  l»een  obtained, 
from  which  we  may  conclude  that  the  i-eaction  which  here  takes  place 
is  a  reaction  of  double  decomposition  or  of  substitution.  The  sub- 
stances  taken  were,  sodium  in  a  free  state^  and  water,  which  consists  of 
two  gases,  hydrogen  and  oxygen.  The  proilucts  obt-ained  were, 
hydrogen  in  the  free  state  and  a  solid,  which  is  nothing  else  but  the  so- 
called  caustic  soda  (sodium  hydroxide),  which  is  made  up  of  sodium, 
oxygen,  jind  half  of  the  hydrogen  contained  in  the  water.  Therefore, 
the  substitution  t«>ok  place  lietween  the  hydrogen  and  the  sinlium, 
mimely  half  of  the  hydrogen  in  the  water  was  rejilaced  by  the  sodium, 
and  was  evolved  in  a  free  state.  On  this  basis  it  may  be  Eaid  that 
caustic  soda  is  nothing  else  but  water,  in  which  half  the  hydrogen 
is   replaced    by    metallic    sodiun^.      The    reaction    which    takes  place 


liglltetl.  Thin  experiment  nmy,  how^ntr^  knwi  to  tin  rxjilnision  shanld  thi»  Bodium  stick  to 
the  walk  of  tbe  vesstil,  iitid  Wifiu  to  net  on  the  Jiiiiited  iiuihw  ol  water  ijiiinedijitely  rtdjaetMit 
to  it  (probably  in  thiH  cjise  NaHO  fomis  with  Na,  NtUfO,  wliiL-h  urth  nii  the  water,  e\ohiii|^ 
nmch  hetit  and  riipidly  forming:  stearnit  and  tlie  exjwriinciit  hIuiuUI  therefore  be  c»irried 
on  with  caution.  The  decomposition  of  waiter  by  sodium  may  be  better  denuniHtrated, 
And  with  greater  sufety,  in  the  followinpf  nmnner.  Into  a  jjIbah  eylinder  tilletl  with  mer- 
cary,  and  immersed  in  a.  mercury  btitht  wiitmr  i^  firnt  inlrtwiueedt  wUimU  will,  uwing  ttj  its 
lightne^B^  nae  to  the  iapj  and  then  a  fiieee  of  Hudium  \vra|iiiedin  ])i4>er  Ik  iiitrodiieed  with 
forceps  into  the  cylinder.  The  metal  ri^es  throui^li,  the  mertury  to  the  surface  of  the 
Wftter,  on  which  it  remainst  and  evoIveH  hydrogen,  wliieh  collect!*  in  the  cylinder,  dud 
uiAy  be  te.^ted  after  the  experiment  has  been  comidetud.  The  liafest  method  of  making 
tiiie  experiment  is,  however,  ub  fnllowB*  The  sodium  k'leaoed  from  the  naphtha  in  which 
it  in  kept)  i«  either  wnipped  in  tine  copper  giiuze  and  held  by  bn"i'ep«,  or  elw*  held  in 
forceps  at  the  end  of  wbich  a  nmall  copper  cage  is  attached,  and  is  then  held  under 
water.  The  evolution  of  hydrogen  goei*  on  nuietly,  and  it  may  be  colltLted  in  a  bell 
jnr  and  then  lighted. 
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may  ^e  expressed  by  the  equation  :  H-jO  +  Na^NaHO-l-  H  ;  the  mean- 
ing of  this  is  clear  from  what  has  been  already  said.-' 

Sfwliuni  and  potassium  act  on  water  at  the  Drdiruiry  tenipei'atuiT\ 
(Hhej"  hea\ier  metals  only  act  on  it  with  a  rise  e»f  t*^mpprature,  and 
then  not  so  rapidly  or  vigorously.  Thus  magnesium  and  aileium  only 
liberate  hydn»gen  fronj  water  at  its  boiling  pointy  and  ziiir  anrl  ii^on  only 
At  a  red  hen t,  whiLst  ii  whole  series  of  heavy  metals,  such  as  t:o|i|i«rT  lead, 
mercury,  ^iilver,  gold,  an*l  platinum,  tlo  not  in  the  least  decomj>o6<i 
water  at  any  temperature,  ami  tlo  not  replace  its  hydrogen. 

Fi^om  tills  it  is  clear  that  hytlrogen  iiiay  lie  obtained  by  the  decom- 
position of  steam  by  the  action  of  iron  (or  zinc)  with  a  rise  of  tempera- 
ture. The  experiment  is  conducted  in  the  foll<iwing  manner :  pieces 
of  iron  (tilings,  nails,  drc),  are  laid  in  a  porcelain  tube,  which  is  then 

•  This  reaction  is  vigorously  exrtthemiuL  If  m  Biifficit'nt  quttiitity  of  water  be  t«tk«;n 
ibo  whole  tif  Mm  t^odiiiin  hydroxitU-,  XnHQ,  fonned  is  diKHo]vttl,»iit«J  abtnit  4*i,ii<K)  uiiithi  of 
hent  iirt*  evohetl  ju*r  "IS  ^AUiH  of  AtKlinin  Uktin.  Ah  Iti  gruiiiH  of  sodiium  byditjx ide 
ure  prodiicetl^  mul  they  in  dt>«sol\iiij;,j adding  from  direct  eiji^riiiient*  involve  ttbout  ni,(X>0 
ciJories;  iherc/ore,  withttiit  an  exct^^s  of  water,  and  withomt  the  formation  of  a  aolution, 
the  renc'tion  Ntt  +  H,.0  =  H  +  NaHO  would  evolve  aboT>t  a2,.>0U  tnnlories.  We  sliuU  <dt4^r- 
WAid»  lemm  tliat  liydro^en  eonlaijis  in  its  stimllefit  i-Mthibk*  pia-tieleB  H.^  and  not  H, 
diid  therefore  it  follow B  that  the  leuetioii  should  he  writt^'n  thut^'iNa  r  JiH-jO  =  Hj  i- 
UNaHO*  and  it  then  correspond*  with  an  evoluiimi  nf  heat  of  -f  it5,0t>0  calorieft.  And  as 
N,  K.  B**kt'toflr  ahowod  that  Na-jO,  or  anhydrouH  oiide  of  bOilium,  form^  Ui«  hydrate,  or 
sodium  hydi*oxide^causitif  w_>da^*JNaHO,  with  water,  evolving  ivbout  iir*,liOU'Calori«Js,  Uiere- 
lorv  the  rtttclion  •iN(4  +  HiL)=Urj  +  Ntt^O  correspouds  to  'Jt^5tK)  tiUoriew,  Thi^  quaittity 
of  heat  ia  le»«  than  that  which  is  evolved  in  ct mbininj;  with  water,  in  tlie  fonnatiun 
of  cati«tie  ikidn,  and  tlictelt  rtf  it  is  nut  to  he  wondered  at  thai  the  hydrate,  NaHU,  in  alwaya 
Jonned  and  not  the  anhydroiiHi  Htibstance  NajO.  That  such  a  coiiehiKion^  whieh  Agrees 
with  facta,  ih  inevitable  is  alno  Hveu  from  tbe  bvet  that,  according  to  Beketoff,  the  anhy- 
drutiH  ALKliiim  oxide«  N%0,  act«^  directly  on  hydrogeu,w^ith  He|>araliou  of  sodium  NV^O  -^  U  ^ 
NaHO-rNa.  This  reaction  i^  acL^ompanied  by  an  <>vulution  of  heat  e^jual  to  uboat 
H,000  eidorie«,  beeauae  Na20  -f  H^O  give^,  as  we  saw,  !3iI»j5t>lJ  calorie*  and  Na  -^  H-^U  evcdvei* 
32,500  ealories.  However,  an  opposite  reaction  als-o  takes  idiicc — NaUO  -r  Xa=  Na-^fO  -r  H 
(both  with  the  aid  «f  heat)  — cou»equently,  in  thi«  case  heat  is  ab:«*jrbed.  In  this  we  ftee 
loi  e^ijunple  of  t!ah>rimetric  calculations  and  the  «niall  une  of  the  law  iif  maximum  work 
for  the  genetal  pbetiomejui  of  revertiible  reactioun^  to  which  the  CHt^>  juf*t  conhidered 
laiilun^M.  But  it  mntit  be  rematked  that  all  reversible  reactiun?*  e\olve  or  absorb  but 
little  Iteat^  and.  judging  from  what  haa  been  said  in  Note  (1  (and  in  Note  lo  of  Cliap.  I.), 
the  TeivKm  of  the  diHcrepnincy  between  tbe  hiw  of  maximmn  work  and  reality  muiit 
before  all  l*e  looked  for  in  the  fact  that  we  have  no  meanm  of  *ieparattng  the  heat  which 
eorrenpondti  with  the  purely  cheiuii id  proceva  from  the  sum  total  of  the  i.cat  observed, 
•inil  OH  the  Htrncture  of  a  number  of  t^ubutancei^  i^  altered  by  heat  alone  and  altjo  by 
tionta^^t,  we  can  acurcely  hope  that  the  time  approaches  when  nuch  a  distinction  wrill  be 
posaible.  A  heated  jiUbiHitance,  in  point  of  factt  li»»  no  longer  tlie  original  energy  of  its 
iiitoiitM — that  iH^  the  act  of  heating  not  only  alters  the  Htxire  of  movement  of  the  nifdeculea 
hut  aliH>of  Uie  atoma  forming  the  moleculet),  in  other  wordn,  it  nntkes  the  beginning  of  or 
I  fire parat ion  for  cbemical  change.  From  thitiil  niujjt  l*e  concluded  thai  thermo-chemistiy, 
[  <ir  the  fitudy  of  the  heal  accompanying  chemica.!  tri^nsformation>i,  cannot  he  identified 
,  with  cliemical  niechanica.  Thermc^-cheuiical  datA  form  a  part  of  it^  but  they  alone 
[  cannot  ifivt)  it. 
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subjected  to  a  strong  heat  and  steam  jmssed  thi"oiigh  it.  The  steam, 
coming  into  contact  with  the  irsjti,  gives  up  its  oxygen  to  it^  and  thus 
the  hydroiien  is  set  free  aiul  passes  out  at  the  other  eml  of  the  tube 
together  with  uiidecom posed  steani.  This  nietliixl,  which  is  historicaHy 
very  sigtiiticant/^  is  pnictieally  inconvenient,  as  it  requires  a  rather 
high  temperature.  Further,  this  reaction,  as  a  reversible  one  (a  red- 
hot  mas>i  of  iron  decumpuses  a  current  of  steani,  forming  oxide  and 
hydrogen  ;  and  a  ma^s  uf  oxide  **f  iron,  heated  to  redness  in  a  stream 
of  hydrogen,  forms  iron  and  steam )^  does  not  pn>ceed  in  virtue  of  the 
eoijiparatively  small  difference  between  the  atftnity  of  oxygen  for  iron 
(or  zinc),  and  for  tiydrtjgen,  but  only  because  the  liyilrogen  escapes,  as 
it  is  formed,  in  virtue  of  its  elasticity  J  ^  If  the  oxygen  compounds — that 
is,  tlie  oxides— which  are  obtained  from  the  iron  or  zinc,  be  able  to  pass 
into  sijlutinn,  then  the  affinity  acting  in  solution  is  added,  and  the 
reaction  may  become  non-reversible,  smd  proceed  with  comparatively 
nmcb  greater  facility.'*     As  the  oxides  of  iron  and  zinc,  by  themselves 

*"  Tlie  com  position  of  water,  u.^  we  eaw  above,  wa&  «1etenniiie<l  li}'  pasHini;  hteam  over 
red-hot  iron  :  tlie  winits  method  has  been  used  for  iiinkiiig  hydrogen  for  liniiig  balloons* 
An  oxide  havii\t(  th«  romiiosition  Fe504  it*  formed  in  the  reiiotioMi,  tw3  that  it  ia  expreiifiied 
by  the  etiuution  ,HFe  +  4H^O^-  Fe304+  HH.  It  in  v*?ry  iropoftaiit  to  remark  that  this  ro- 
ftetiou  im  revertiibk*  By  heating  th«  ftcoria  in  a  current  of  hydrogen,  wjit4  r  and  iron 
are  obtiiined.  From  tUiM  it  foUowti*  fr^m  the  principle  of  ebemical  etjuilibriap  that  if 
there  be  taken  iron  and  hydrogen,  and  lilso  oxygen,  ttut  in  Buoh  a  (juantity  that 
it  is  insuflieicnt  for  eomliiniitiivti  with  both  HubBtaneeH^  then  it  will  divide  itself 
betwe<eii  the  two ;  part  of  it  will  eombine  with  the  iron  and  the  other  part  with  thu 
hydrogen,  but  a  portion  of  both  will  remain  in  an  uncouibined  titattn  Hi?r«  again  {see 
note  i^)  the  reversibility  is  connected  with  th«  »mall  lumt  effect,  and  here  aga^in  both  re- 
actions [direct  and  r*?ver»e)  proceed  at  tt  red  beat.  But  if,  in  the  above-deacribed  re- 
action, thti  bydroiien  eHcapen  uk  it  in  evolred,  then  ittt  {>artial  preiiiiure  doea  not  increase 
with  it>^  formation,  and  therefore  all  tbe  iron  can  be  oxidined  by  the  water,  which  could 
not  take  pbice  were  the  iron  and  water  heated  to  the  tctnjyerature  of  reaction  in  a  closed 
vefiReL  In  this  we  see  the  elementn  of  that  influence  of  masji  to  which  we  shall  h&vft 
occasion  to  return  later. 

■1  Therefare,  if  iron  and  water  hn  phkoed  In  a  clotted  space,  decomjjoaitiou  of  the  water 
will  proceed  on  beatinj^  to  the  temperature  at  which  tbe  reaction  JJFe  +  AK^O  =  Pe3,04^8H 
commencet^ ;  but  it  ceaKen^  tloen  not  j»o  on  to  the  end,,  becauwe  tbe  conditions  for  ft 
reverse  reaction  are  attained,  luid  a  atate  of  eijuilibrium  wilt  enaue  uJter  the  decomponi- 
lion  of  a  certain  (]inintity  of  water.  Judging;  ttom  whiit  liaH  been  Kaid  in  Note  U, 
Bomethinjjf  of  the  name  kinrl  tkikcH  pla«:e  if  the  iron  be  replacof]  by  sodium,  only 
then  the  nnisH  of  the  water  deconij>OHed  will  l>e  jfi'eater,  and  equilibrium  will  enuue, 
with  tbe  formation  of  the  hydrate,  NaHO,  and  not  of  anhydrous  oxidi\  Na.jD — that  Ia^ 
the  water  will  remain  in  the  fonn  of  hydrate  only*  With  cop^ier  and  lead  there  will  be 
no  decomposition T  either  at  the  ordinary  or  at  a  high  temperature,  beeause  the  affinity  of 
thetuj  metalH  for  oxygen  m  uinLdi  let***  tJian  that  of  hydru|?en, 

'*  In  general,  if  reversible  as  well  aa  iion-reverrtible  reactionH  can  take  place  between 
Hubstances  acting  on  each  other,  then^  judging  by  our  present  knowledge*  the  non- 
reversible reactiouu  take  plaice  in  the  majority  of  cases^  which  obliges  one  to  acknowledge 
the  action,  in  thlti  cafte,  of  comparatively  strong  aFFinitica.  The  reaotiou,  Zn-f  HjSO^s 
H-f-irZnSO^,  which  takcjj  place  in  tujluiioiis  at  the  onlinary  temperature,  is  icareely  re* 
tersible  under  tbei^j:  couditioni,  but  at  a  certain  high  tcmp^TEiture  it  beoomei  revemiblet 
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iusoluble  in  water,  are  ciipable  of  Luiobining  with  (have  an  affinity  for) 
acid  oxides  (as  we  shall  afterwards  fully  cunsidtT),  and  form  saline  and 
soluble  substances,  with  acids,  oi*  hydrates  having  aeid  properties,  hence 
by  the  action  of  such  hydrates,  or  of  tbeir  aqueous  sfjlutioiLS,''*  iron 
and  zinc  are  able  to  liberate  hydi'ogen  with  great  ease  at  the  ordinary 
temperature  that  is,  they  act  on  solutioos  of  acids  just  as  sodium  acta 
on  water,"     Sulphuric  acid,  or  uil  of  vitriol,  H28O4,  is  usually  chosen 

becaase  at  Uiis  temperature  zinc  sulphate  tind  snlphum*  acid  ftplit  up,  and  the  action  muni 
take  place  between  Uie  water  and  zinc.  Fruni  tlie  preceding  ptojHJHition  rei*ultt*  proceed 
wEicb  are  in  some  cased  rerified  by  experiineriL  If  tbt?  action  of  xinc  or  iron  on  a  j*oln- 
tion  of  sulphnric  okcid  presenta  a  non-reversible  react ion^  tlien  we  may  by  this  meann 
obtain  hydrogen  in  a  very  compresaed  utate,  and  compressed  hydrogen  will  not  act  on 
solation^  of  snlphatCH  of  the  aboYe-nained  metals.  Thifi  m  verifttnl  in  reality  &h.  fur  as 
was  possible  in  the  est|>eriinents  to  keep  up  the  conipresBion  or  preeiiure  of  tlie  hydro- 
gen* Those  metala  which  do  not  evolve  hydrogen  with  ackUtOn  the  contrary,  should,  tit 
leaat  at  an  increa^  of  pressure,  be  diapbu;ed  by  IjydrogKii.  And  in  fact  Brunner  wbowed 
that  gaaeoaii  hydrogen  di^^placeg  plutimim  and  palladium  from  the  aqueouH  fiolutious  of 
their  ehlorin©  compoatida,  but  not  golfl,  and  Beketoff  Mucceeded  in  showing  that  silver 
and  mercury,  under  u.  eoiisiderable  presfture,  are  separated  from  the  solutions  of  cert<ii« 
of  their  com[KmndB  by  nieanii  of  hydrogen.  Reaction  alre^idy  commences  under  a  pr©»- 
»are  of  *iiit  aLmoHpheri's,  if  a  weak  solution  of  silver  sulphate  bt?  taken  ;  witli  a  stronger 
Bolation  a  ntuch  greater  pressure  is  required,  however,  for  the  Heparatiou  of  the  hi  her, 

*'*''  For  the  same  reanon,  many  metab  in  acting  on  Holution^  of  the  alkali.n  diHplaee 
hydrogen,  Aloimninm  acts  particularly  clearly  in  thiH  respect,  becauae  it»  oxide  give^  a 
Bolablo  compound  with  alkaha.  For  the  same  reanon  tin,  in  acting  011  hydrochloric  acid, 
eTolves  hydrogen,  and  silicon  drx-a  the  Aame  with  hydrofluoric  acid.  It  ia  evident  tliat 
in  Buch  caeee  the  sum  of  all  the  afliiiitieH  playrt  a  jMrt ;  for  instance,  taking  the  action  of 
sine  on  snlphuric  arid,  we  have  tho  affinity  of  zinc  for  oxygen  {forming zinc  oxide,  ZnO), 
the  affinity  of  its  oxide  for  sulphuric  anhydride,  BOj  (forming  stinc  tiiiiphute,  ZnSO^J,  and 
the  ail&inty  of  the  rettultant  Bidt,  ZnSO^,  for  water.  It  iHonly  tlie  firHt-named  uflinity  that 
acts  in  the  reaction  between  water  and  the  metal,  if  no  ac^oouDt  is  taken  of  those  foreeu 
(of  a  phynico-mechauical  character)  which  act  ti>etweeu  the  molecules  (for  instance,  the 
cohesion  between  the  molecules  of  tlie  oxide)  und  thoae  forces  (of  a  chemical  character) 
which  act  between  the  atomti  forming  the  molecule,  for  inMtance,  between  the  atomn  of 
hydrogen  giving  the  niolecale  Hj  containing  two  ii,tom»».  I  consider  it  nece?isary  to 
remark,  that  tlie  hyiJothesis  of  the  afliiiity  or  endeavour  of  licterogeneoUtt  attorns  to  enter 
into  11  coiimion  Bystem  mid  in  harmonioui*  movement  {Lt\,  to  form  a  com[>ound  mejlecule) 
most  inevitably  be  in  uceordiLtice  witli  the  hypothesis  of  forces  inducing  homogeneous 
Atoms  to  form  complex  molecules  (for  iiiHtanc^,  H.j),  and  io  build  up  the  latter  into 
Bolid  or  liquid  substances,  in  which  the  ejtisteuce  of  an  attraction  Wtween  the  homo- 
geneoDs  particles  must  certainly  W  mlmitU'd.  Therefore,  those  forces  which  bring  about 
solution  must  aim  he  takeu  into  consideration.  Tbeae  are  all  forces  of  one  and  the  same 
series,  and  iti  this  may  be  seen  the  great  difflculties  surrounding  the  study  of  mole- 
cular mechanics  and  its  province— chemical  mechanics. 

J*  The  reprectentatton  given  above  of  the  cause  of  the  easy  action  of  iron  or  «inc  on 
fiulpharic  acid,  naturally  forms  a  hypothesis  which  explains  only  what  is  observed. 
It  is  only  at  fir^it  sight  that  this  hj^iothesis  exhibits  any  similarity  to  the  hypstheais  of 
prtffiifporing  affimfy  which  reigned  in  past  times.  According  to  that,  it  was  sui>jM>sed  that 
reaction  takes  place  (and  hydrogen  is  evolved)  by  reason  of  the  aflinity  for  the  sulphm-ic 
ftcid  of  the  oxide  of  isinc  which  might  be  produced,  and  that  decomposition  could 
not  take  place  wtthuut  this.  The  influence  of  a  force  in  respect  to  a  subslanee  which  haa 
not  been  produced,  but  which  is  capable  of  being  formed,  is  not  clear.  Ln  the  repre- 
MntftCion  inlrodnced   by  me,  it  is   acknowledged  that  zinc  already  acts  on  water  by 
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for  this  purpose  ;  from  it  tlie  hydrugen  is  tlisplacecl  by  many  metals  with 
incomparably  greater  facility  than  flirectly  from  water,  and  such  a 
dispIaceQieiit  is  accompanied  Ijy  the  evolution  of  a  large  amount  ot 
heat.'*  By  the  action  of  zinc  or  inm  on  sulphuric  acid,  hydmgen  is 
evolved,  because  the  metal  replaces  it.  When  the  hydrogen  in  sulphuric 
acid  is  replace<:l  hy  a  metal,  a  sulist<ance  is  obtainerl  which  is  called  a 
salt  of  sulphuric  acid  or  a  sulphate.  Thus,  by  the  action  of  zinc  on 
sulplmric  acid,  hyilrogen  and  zinc  sulphate,  ZnSO^,  are  obtained. 
The  latter  is  a  solid  substance,  stilublo  in  water.  In  oixJer  that  the 
action  of  the  metal  on  the  acid  shonlil  go  on  regularly,  and  to  the  end, 
it  is  necessary  that  the  acid  should  bo  diluted  with  water,  which  dis- 
solves the  salt  as  it  is  formed  ;  otiierwise  the  salt  covei's  the  metal, 
and  hinders  the  aeid  from  attacking  it.  Usually  the  iicid  is  diluted 
with  froni  three  to  tive  times  its  voluuje  of  water,  and  the  metal  is 
covered  with  this  solution*  In  order  that  the  meUil  should  act 
rapidly  on  the  acid,  it  should  pfesent  a  large  surface,  so  that  a  maxi- 
mum amount  of  ilie  reacting  substances  may  come  into  contjict  in  a 
given  time.  For  this  purpose  the  zinc  is  used  as  strips  of  slieet  zinc, 
«>r  in  the  granulated  form  (that  is,  zinc  which  has  been  poured  from  a 
cerUiin  height,  in  a  molten  st^ite,  into  water).  The  iron  should  be  in 
the  form  of  wire,  riails,  tilings,  or  cuttings. 

The  usual  method  of  obtaining  hydrogen  is  as  follows  :  A  certain 
quantity  of  granulated  zinc  is  put  into  a  double  necked,  or  Woulfe's, 
bottle.  Into  one  neuk  a  funnel  is  placed^  reaching  to  the  bottom  of 
the  bottle,  so  that  the  liquid  poured  in  may  prevent  th»^  hydrogen  from 


iioelf,  oven  nt  the  ordiimry  tvni  pern  tare,  but  that  the  nuclion  ih  lintit^d  by  Niiiall 
miuiitee  lULd  only  prctoeede*  (it  the  surfivce.  In  renlity,  zinc,  in  the  funn  of  n  s'ery 
fine  powder,  or  no  eaUed  '  zinc  duHt,'  ih  cupuble  of  deooa^'^Hing  water  with  the 
formation  of  oxide  (liydrut^yd)  mid  hydrugen.  The  oxide  formeil  ivcts  on  Mulphuric  iu.>id, 
W4ti'r  then  diHtiolvftt  the  sidt  pt-odilrodt  Mh\  tlxe  uctioli  tontinOt^s  beeauae  one  of  tJie 
pmdutts  *if  the  notion  uf  w«t*?r  on  Jtinc,  zinc  oxide,  in  removed  from  the  t^urfiwe.  One 
miifht  iirtturivlly  imajfiue  that  the  riMKtion  doew  not  proceed  directly  between  the  inetui 
and  wnter,  hnt  betw*<*n  tlie  luelal  aud  ihv  u^ld,  but  KUch  a  aimpk?  r^prfhentntion,  which 
we  «hiili  cit«^  aftenvardHi,  Jiidei^  the  njeciiAiiiaJti  of  th()  reaction,  And  doeu  not  p«rmit  of  its 
ncitiiil  t-'onipJcjtity  being  &e«?n. 

^^  Acf^isrding  to  ThoniHen  the  reaction  between  Jtinc  and  a  vtrrj'  wnak  solution  of 
nulphudc  acid  (*volvo*)  about  iJi8,0UU  calories  (zinc  tjulplnni;  beinj;  Cuniud)  per  05  partu 
by  weight  of  zinc;  and  t*d  parts  by  wei>fht  of  irotj — whidi  t^unhine,  lik«  OG  parts  by 
weight  of  zinc,  with  111  pinrts  by  wi^ight  o(  oxyg<e»— evtdvc  abmit  *2r>4ML)(}  calorien.  (forming 
fiirrouii  Hiilphate,  FeSO|),  PrtraceUut*  obwne^l  the  uttioii  of  melak  on  acida  in  the 
neveuteenth  ct«utur)' ;  hut  it  wiwt  not  until  the  eighteenth  centnr^^  that  Lcinery 
det«nmn<>d  that  the  gu**  which  is  evolved  in  thit*  uction  lis  a  particular  one  wliieh  difTera 
from  rtir  niul  ie  capable  nf  hnming,  Evim  Boyk*  conlueed  it  with  air*  Cavendish 
detwrnjitied  tht;  chief  propertirf*  o(  the  ga*  diticovered  by  ParaceUuti.  At  firi»t  it  wan 
called  '  inthurntiublc  air';  Inter,  when  it  w«isi  recognised  that  in  burning  it  gives  wctiier^ 
it  wan  cidled  hydrogen*  from  the  Greek  words  for  water  and  generator. 
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ping  through  it.     The  gnsi  escapes  tliroiigh  n  <^j>ecial  gas-conducting 
[tube,  which  is  firmly  fixed,  by  a  coi'k^  int<^t  the  other  neck,  and  which 
ends  in  a  water  bath  (tig,  20)^  under  the  tin  rice  of  ;i  glass  cylinder  full 


Piij.  2t}.— A|T{]iinktu»fur  thf^  prppnnUlon  uf  hydrogen  from  xinc  aikI  i^ultkburic  ticUl, 

of  water. ^*     If  sulphuric  acid  be  now  poured  into  the  WoultVs  bottle, 
it  will  8000  be  seen  that  bubbles  o£  a  gas  are  evolved,  which  is  iiydrogen. 

'*  Ab  lab*>rfctory  experiments  with  gA&eu  require  h  ctirtdin  lirulimlDary  knowledge,  wi? 
I  frill  de^crilx*  certain  practfenl  mrihofh  for  tht*  prrparntum  ami  collection  of  ga^en. 
}  Wlien  ill  laboratory  practice  ftu  intermittent  s^njij^y  of  hydnig«n  (or  other  gas  wbii^h  ih 
I  evolved  without  the  \\\i\  of  heu,t)  ip  rt^tjnired   the  iip|Mir»tnK  rvpreisented  in  fig.  21  is  the 


|;Fia.  i\.—K  fcrj'  conventeDt  appanitua  for  the  preparfttfoti  ot  g«««w  obtAiii«<l  wit  hunt  li«iAt.    It  luiiy 
ftl«)  r«pl«ce  jw  awplmtor  or  giuunuetvr, 


convenient.  It  consists  of  t%vo  bottles,  havini?  oriilcoa  lit  the  bottom,  in  which 
[^orkuwith  tabes  are  placed,  and  these  lubes  ftie  couueolod  by  An  india-rubber  tub* 
I  (fioduetimvft  furninh^d  with  a  uprmg  chunp).    Zinc  is  pbced  in  one  batUe,  and  dilute  sul- 


12(> 


PRINCIPLES   OF  CITEOTSTRY 


The  first  part  of  the  gas  evolved  should  ntit  l»e  ci^Oected,  mi]  it  is 
mixed  with    the   air   onginally    in    the   apparatus.      This    precaution 

phiiriciM?id  iuthe  other.  The  neck  of  the  former  is  elo«ied  by  u  eork^  which  is  fitted  witli 
a,  gas-condwrting  tiihe  with  h  stoii-etwk.  If  the  iwo  bottler  iir<?  put  in  wwiimunicfttion 
with  «ach  other  »uid  the  cook  h*f  o|HMiiecb  the  ut'icl  will  flow  let  lh«  srine  iind  evolve  hydra- 
gen.  If  tht^  cofk  bf  clotjfd^  the  hyilroijeii  will  force  out  the  jioid  frv»m  tin?  bottle  contain- 
ing the  zinct  t^nd  thi'  iietitm  will  ctnise.  Or  the  vef»««^l  containing  the  acid  niivy  be  j^Iuced 
At  iL  lower  level  than  that  contniuirig  the  'Am\  wht^n  nil  the  litinid  will  tlow  into  it,  imd  in 
OTder  to  fitart  the  action  the  acid  vennel  mny  be  plarini  on  a  hj>;:bpr  U\v>\  than  the  otbefi 
and  the  acid  ^ill  flow  to  the  zinc.  Snch  »in  aiTaiigement  presents  the  simpleet  fonn  of  a 
oontinuon sly-acting  Apparatus*,  which  ia  of  great  nse  in  chemical  work.  It  vmi  alao  be 
employed  for  collecting  g^u.<u$a  (as  itin  aspirator  or  gasometer). 

In  laboratory  practice,  however,  other  forms  of  apparatus  ore  generally  employed  for 


Fm,  SI— Oonfttatit-4tcting  aqitrator.    Thu  taT}«  d  should  he  lonjf  (OT«r  12  f««t). 


exbatiBting'i  cjnlkicting,  nnd  holding  gaRes.     W*?  will  here  cite  the  most  ysnal  forms.    An 
OMpimt^tr  uaually  coneiBta  of  a  vesael  furni»;he4  witli  a  stop-cock  at  I  he  bottom.     A  Htout 
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I  fihould  be  taken  in  tJie  preparation  of  aH  gases,     Tinip  must  be  alJowed 
for  the  gas  evolved  to  displace  all  the  air  from  the  apparatus,  other- 

fork,  tlirough  which  t^.  gloiss  tuW  pasftta,,  ib  fixed  into  the  neck  of  this  v<tf«AeL  U  ih« 
%'e»B«l  be  filled  up  with  water  to  the  rork  and  the  Iwttoin  stop-<!ock  Xm  i»|i«t>«!d,  then  ih« 
water  will  run  oul  jiud  draw  pan  in.  For  this  piirjioise  the  glass  tube  is  connet-'ted  with 
the  Hpiiftratus  from  which  it  is  dnairi'd  to  pump  out  or  exhannt  the  i^as. 

The   aBpimtor   repreT**jntwl   in   tig.    33    may   hvi   rf*comuKMid«fl   for    its  continuous 

'  ftction.     It  consiHtfl  of  n  tube  d  which  wideuft  out,  at  the  t<>p,  tlie  tower  ]:)tirt  beiug  long 

arid  narnm.     In  th*?  expanded  upper  jxirtion  c^  twtj  tuLcrt  at^e  Beuled ;  one^  e,  for  drawing 

in  the  giiH,  whilut  the  other,  h^  in  connected  to  the  water  supply  ir.    The  amount  of  water 

supplied  through  the  tub**  h  nmst  b«  lefts  than  the  aninunt  whndi  tiun  be  carried  off  by 

I  the  tube  ff.     Owing  to  this  the  wat+^r  in  the  tain*  tl  will  flow  throygh  it  in  cylinders 

alternating  with  cylinders  of  gas,  wbieh  will  be  tluiM  iitrried  ii\\  ay.     The  ga»  wli  it^h  is  dniw  n 

through  may  be  ctdlected  from  the  end  af  the  Iu\h*  tl,  hut  thih  form  of  pump  is  usually 

[  employed  where  the  air  or  giut  aspirated  ih  not  to  be  collected.     If  thv  lube  d  \h  of  con- 

I  ftiderablo  length*  say  40  ft,  or  more,  a  very  fair  vw^uum  will  hi*  prcKhn  wl,  the  amount  of 

I  which  iH  ahown  by  the  gauge  tf\    it  ih  often  used  for  filtering   under  reduced  pret^eure,  as 

[  ishown  in  the  figure.     If  water  be  replaced  by  mercury,  and  the  letigth  of  the  tube  d  be 

[  greater  tlian  7H0  mm.,  the  aspirfttJir  may  he  employed  an  an  air-pump,    and  all  the  air 

may  be  exbauiited  from  a  lioiittwl    epace  ;  for  inBtauce,  by  connecting^  g  witli  a  hollow 

[  wpbere. 

Gmhotdera  «r«  of  tan  used  for  collecting  and  holding  gasea.    They  are  made  of  glaefl, 

I  popper,  or  tin  plate.    The  ui$ual  form  m  Mhown  in  fig.  li.i.     The  lower  vefesel  B  is  m*de 

I  herraetitially    tiglit  —  i.t*.*    ini|>erviou»    to 

-and  IB  filled  with  water.    A  funnel 

jtiHached  to  this  veHsel  ion  **veral  sup- 

9).     The  vessel  B  communicate'?  with 

I  the  bottojn  of  the  funtiel  by  a   >4to|»-coek 

^  Mid  A  tube  a,  reaching  to  the  bottom  of 

[3.     If  water  be  poured  into  the 

[  and  the  (stop-ci3ekri  a  and  b  opened, 

[  ttie  water  will  run  through  u  *  and  the  air 

I  eiicape  from  the  vessel  B  by  b.     A  ghus 

T  tabe/  runs  up  the  Hide  of  the  verf^el  B,  with 

.  which  it  communicates  at  the  top  and  bot- 

rtomt  and  ahowa  the  amount  of  water  and 

r  igai  the  gasholder  contain^..     In  order  to  fill 

'  the  g&aholder  with  a  gati,  it  is  first  filled 

,  with  water,  the  cock§  a^  h  and  «  are  closed, 

[  the  nnid  unaorewed,  and  the  end  of  the  tube 

^  conducting  the  gan  froun  the  apparatus  in 

which  it  ift  generated  i«  pA««ed  into  d.    As 

the  gnt  fille  the  gaKholder,  the  water  nine 

out  at  d.     If  tiie  preneure  of  a  gan  be  not 

grentet  than  the  atmoepheric  presftore  and 

r  it  bo  required  to  collect  it  in  the  gasholder, 

r  then  the  cock  e  h  put  into  communication 

r  with  the  npnoe  oontainmg  the  gaa.    Then, 

[  having  opened  (he  orifice  //,  the  gasholder 

bke  an  ai»pirtttor;  the  gas  will  pasH 

Dgh  e,  and  the  water  run  out  at  d.    If 


Fig.  53.— iTfteholdcr, 


•  oocks  be  closed,  thegaa  collected  in  the  gatdxulder  may  be  easily  preserved  and  trans- 

I  ported.    If  it  be  desired  to  tranafer  this  gaa  into  Another  vcsael,  then  a  giis-i  ondncting 

tube  !■  attached  to  e,  the  cock  a  opened,  b  and  d  closed,  and  then  the  gaji  will  pa^a  out 

at  e,  owing  to  its  presfture  in  the  apparatus  being  greater  than  the  aUitospheric  pres^^ure 
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wise  in  testing  the  cuinbustibiHty  of  the  h^'drogen  an  explcjsion  may 
occur  from  the  formation  of  dpttmating  gas  (the  mixture  of  the  oxyp;en 
of  the  air  with  the  hydrogen).'' 

llydrugeii,  which  is  eontairiecl  In  water,  and  whiidi  therefore  can 
be  obtained  from  it,  is  also  contained  in  many  other  substances,"^  ami 
mny  be  obtained  from  them-  As  examples  cif  this,  it  may  be  men- 
tioned (1)  that  a  mixture  of  formate  of  si  Milium,  CHNaO^,  and  caustic 
soda,  NaHO^  wlipn  heated  to  redness,  forms  sodium  carbonate,  Na^CO^^ 
and  hydrogen,  H._»  ;  '-'  (2)  that  n  rmmV>er  of  organic  stil>staoces  are 
decomposed  at  a  red  heat,  forming  hydrogen,  amon<(  other  gases,  and 
thus  it  is  that  hydrogen  is  contained  in  ordinary  lighting  gas. 

Charcoal  itself  liberates  by<irogen  from  stenm  at  a  high  tempera- 
ture ;  *^'  l)ut  the  reaction  which  here  takes  phice  is  distinguished  by  a 
certain  complexity,  and  will  therefore  be  considered  later. 

owin^  in  the  pre«ittiir«  of  the  wftter  pimroJ  into  the  funitet  If  it  be  required  to  fill  ft 
cylinder  or  fia^k  with  tbe  ^tiii.,  it  in  filled  with  water  tund  inverted  in  the  fnniuU,  itnd 
the  Htop-^oockg  b  and  <i  opened.  Then  wat<*r  vriU  nui  Uiraugh  ft,  jiiid  the  gftH  will  eAca|ie^ 
from  the  ^i^n^hrdder  into  the  cjdindfr  thrnrti^h  h, 

'^  When  it  i»  required  tn  prepai-e  hydrogen  in  hirKe  quantittes  for  fillinjj  bfdlnojis, 
copper  yeAseltt  or  wt^Mxien  caHkn  lined  with  leud  are  eniploytHl ;  they  iyw  filled  with  Hcrap 
iron,  over  which  dilute  sulphuric  neid  m  ponrejl.  Tlie  hydrogen  >?ener«ited  fr»jm  iv  nundj^^r 
of  casks;  ia  carried  throuji^li  letad  piju^s  into  special  eaHk^  eontiiining  wat<ir  (in  ord<-'r  to  tiool 
the  gaa)  and  lime  (in  order  to  remove  tirid  funiesl  To  avoid  Iomh  of  gi\»  all  tht"  tH>int!* 
kre  ma<le  liOTiwetiertlly  tiiffht  with  a  pank^  of  plaster  or  tar.  In  order  to  fill  lui*  ^i»faijtie 
biftlhwn  (of  ara.OOt)  cubic  nietrew  capacity  U  GilfHrdt  in  1H7H,  eonatructed  a  complicated 
appOkratuH  forgiving  a  continuoiiu  Hnpply  of  hydrogen  jii  which  n  niiJctur*^  of  Hulphuric 
acid  and  water  was  iiauiintiaUy  run  into  veHseln  containing  iron,  and  from  which  the 
solution  of  iron  sulphate  formed  wa>i  continually  driiwii  ofl.  When  coal  gan,  ex- 
tmcted  from  coal»  i«  employed  for  tilling  halhxms  it  should  be  uh  light,  or  iih  rich  in  hydrogen, 
M  possible.  For  thi»  roa«ion,  only  the  lant  portion*  of  the  gaH  coming  from  the  r«tort« 
are  collected,  and,  beniden  thiH,  it  is  Uieii  Koniftimei  parsed  through  red-hot  veasek,  in 
order  to  decompone  the  hydrocarhonn  uh  much  a^  poHwibk^ ;  charcoal  i»  deptMijite<l  in  the 
red-hot  vetinels^  and  hydrogen  remaina  nf*  gas.  Coal  gniri  may  be  yet  further  enriched 
in  hydrogen,  and  con»equeutly  rendered  lighter,  hy  pasNing  it  over  iin  ignited  mixture  ot 
charcoal  And  lime, 

***  Of  the  metalH,  only  «  very  few  combine  with  bytlrogm  (for  example^  sodimnl^ 
and  give  ftnbfltoinoeti  which  are  eawily  dm^mnpnsiHL  Oi  the  non-iin*tidH,  the  halo- 
gens (fluorine,  chlorines  l>romiiii»,  and  iodine)  mont  eanily  form  their  unique  hydrngen 
compounds  ;  of  thfse  the  hydrogen  compnand  of  chlorine,  and  wtill  more  thrtt  of  tluorine, 
is  ntable,  whiltit  thoM-  of  brcnnint*  and  iodine  are  panily  deronipo*ied,  e«pecitilly  tht* 
latter.  The  otlu^r  nnn-inetaU— for  inntance,  Hulphur^  carhon,  and  phosphoms  — give 
hydrogen  componndH  tif  diHerent  comi>OHitjon  and  pro|>ertie-*,  but  they  are  all  lesn  Htable 
yiAii  water.  The  number  of  the  carbon  cf«mpo«iidtt  of  hydrogen  is  i^ntjrmoue,  but  tbert* 
are  very  few  among  them  which  ftfe  Jii4  decomposed,  with  Heparation  of  tliii  carbon  and 
hydrogen,  at  a  red  heat, 

^'*  The  reaction  expressed  by  tbe  equation  CNaHO.r  +  NaHO  =  CNit-fOj-f  H-.  may  be 
effecli^d  in  a  ghiHs  vet**wl,  like  the  decomjwjiiition  of  tiopjKn'  cjurlwjnat^n  or  ujer^iiry  oxide 
(mr  Intr*tductionK  it  i»  ntm-revernible^  and  takew  phice  wilhtrnt  tJie  preMUice  of  water, 
and  therefore  Pictet  (*rr  later)  mode  ussc  of  it  to  obtain  hydrogen  nnder  great  [►reKhure. 
*'^  The  reaction  between  cJiarcoAl  ami  sti|wrbeatcd  wtcam  iw  iidtmble  one — thiit  iu,  there 
nmy  be  iDrmed  either  ctirhoiiic  oiudtvCO  (according  io  the  e<joation  H  ,0  +  C  =  Hj  +  CO),  or 
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Tfi^  jyt'opertit^s  of  hi/diwjeu.—  Jiydro^n  presents  us  with  an  example 
of  a  gas  which  at  tirst  sight  dcM»s  nr»t  tliiTer  from  air.  It  is  not  sur- 
prising, tlierefnre,  that  Partioelsus,  having  disciiveretl  that  an  atrifomi 
substance  is  obtained  by  the  action  nf  metals  on  sulphuric  acid,  did  not 
quite  determine  its  ilifference  from  air.  In  fact,  hydrogen,  like  air,  is 
colourless,  and  has  no  smell  ;  *'  but  a  more  iiitimsite  acquaintance 
with  its  properties  proves  it  to  be  eutin3ly  diJierent  from  air*  The  first 
sign  which  distinguis!ies  hydrogen  from  air  is  its  combustibility.  This 
property  is  so  easily  observMl  that  it  is  the  one  to  which  i*eeourse  is 
usually  had  in  order  to  recognise  hydrogen,  if  it  is  evolved  in  a  re- 
action,  although  there  are  many  other  combustible  gases.  But  before 
speaking  of  the  coinbustibility  and  «»ther  chemical  properties  of  hydi\>- 
gen,  we  will  drst  describe  the  physical  prr>perties  of  this  gas,  as  we  did 
iu  the  ci\se  of  water.  It  is  easy  to  show  that  hydrogen  is  one  of  the 
lightest  gases,'^      If  passed  into  the  bottom   of  n  flask  full  of   air, 

dkr^ionic  anhydride  COj  (ifcct-ording  to  tlie  et|imt3oii  2HjO  +  C  =  aHj  -r  CO /),  and  tK«  rvfiult- 
ing  mixture  is  ealled  water-gas  ;  we  himll  npoak  of  it  m  dt?»crriUiiiy  tht*  oxidet^  of  carbon. 

^*  Hydrogen  obtained  by  tbe  uction  of  zinc*  or  iron  on  sulphuric  acid  generally  HuielU 
of  hydrog;ea  stdpbido  (like  rotten  cgg»)T  which  it  eontu.inii  in  ivdmixture.  As  a  rule  aiich 
hydrogen  ia  not  eo  pure  tx%  thiit  obtained  by  the  ai^tion  of  an  electric  current  or  of  sodium 
on  water.  Thu  iropurity  of  the  hydrogen  depends  on  the  imimrities  contained  iu  the 
tint%  or  iron,  and  riulphnric  acid*  and  on  Becondary  reactions  which  take  pl*c«  fiimul* 
taneouBly  with  the  mftin  reaction.  Thus  iron  sulphide  given  hydrogen  sulphidw 
(PeS-f  HjS04«HiS  '  FeSO^i).  Howerer,  the  hydrogen  obtAin«.Ml  in  this  manner  may  be 
easily  freed  froiu  the  imimritie"*  it  contains ;  winie  of  ihe-ui— namely  thoiie  having  iwjid 
propfertiea^arii  absorbed  by  caustic  nodn,  and  therefore  may  be  removed  by  pat^^iiig  the 
hydrcigen  through  a  solution  of  this  ^nb^ftRuee  ;  another  series  of  impurities  in  absor1>ed 
by  ft  ^rolution  of  mercuric  chloride ;  ainlt  lastly,  a  third  Msries  is  absorbed  by  a  solution  of 
potasKium  |M*riuatiganAte.  like  hydrogen  may  be  dne<1  by  [jasaing  it  over  autphuric  acid 
or  calcium  chloride.  The  subntaiicef*  nerving  for  purifying  the  hydrogen  are  either 
filaoed  iu  Woulfe*H  bottles,  or  in  tube**  containing  immice  intone  nioifitened  with  the 
purifying  agent.  The  eurface  of  contact  is  then  greater,  and  the  puriiication  proceed* 
more  rapidly.  If  it  1j«  desired  to  prtx-ure  completely  jiurt:^  hytlragen^  it  is  MMnetinies 
obtained  by  the  decomiwBition  of  water  I  previously  boiled  to  expel  all  air,  and  mixed 
with  pure  i^ulphurio  acid)*  by  the  galvtuuc  current.  Only  the  gas  evolved  at  the  negative 
electrod©  i«  collected.  Or  el»e,  an  apparatus  like  that  which  giveH  detonating  ga«  i»  Used, 
only  the  [KH»itive  electrode  being  inimeri^d  under  mercury  containing  :£inc  in  aolutii>n. 
The  oxygen  which  is  evolved  at  thia  electrcMlt'  tlien  immediately,  at  the  moment  of  ii% 
evfklution,  combines  with  the  tine,  and  this  compound  dinwilveH  in  the  sulphuric  acid  and 
tonus  £inc  sulphate,  which  remains  iu  solution,  and  therefore  the  hydrogen  generated 
will  be  quite  free  from  oxygen. 

^'  An  inverted  beaker  is  attached  to  one  arm  of  the  beam  of  a  rather  MU&itire 
balance,  and  its  weight  counterpoi>ierl  by  weights  in  the  pan  att«i«hed  to  the  other  arm. 
If  the  beaker  t>e  then  filled  with  hydrogen  it  rises,  owing  to  the  air  being  replaced 
by  hydrogen.  Thu^*,  at  the  ordinary  temperature  of  a  room,  a  litre  of  air  weigh* 
about  ra  grams,  and  on  replacing  the  air  by  hydrogen  a  decrease  in  weight  of  alnuit  1 
grain  per  litre  is  oblained.  Mttist  hydrogen  is  heavier  than  dry— for  aqueous  vapour 
is  nine  timers  heavier  than  hydrogen.  In  filling  balloons  it  is  unually  calcniated  that  lit 
b«ing  impoasible  to  have  perfectly  dry  hydrogen  or  to  obtain  it  quile  fre«  from  air) 
the  lifting  foroe  ia  «qu&l  to  1  kilogram  (  »  1^000  grfttns)  per  cubic  metre  i  =s  1,000  litreii). 
VOL.    I.  K 
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hydrogen  will  not  i*emain  in  it,  but,  owin^jr  to  its  lightness,  rapidly 
©scapes  and  mixes  with  the  atmosphei-e.  If,  however,  a  cylinder  whose 
orifice  is  turned  downwards  be  filled  with  hydrogen,  it  will  not  escape, 
or,  more  con-eetly,  it  will  only  slowly  mix  witli  the  atitiosphere.  This 
nmy  be  deiiioiist!*ated  by  the  fact  that  a  lighted  taper  sets  fire  to  tlie 
hydrogen  at  the  «>rifice  of  tlie  cylinder,  and  is  itself  extiiii^fuished  inside 
the  cylinder.  Hence  hytlrogen^  being  itself  eondjustible,  does  not 
support  combustion.  The  great  lightness  of  hydrogen  in  taken  advan- 
tage of  for  balloons.  Oitliiiary  coal  gas,  wlncli  is  often  also  used  for 
the  Kime  purpose^  is  only  about  twice  as  ligfit  as  air,  whilst  hydrogen  is 
14i  times  lighter  than  air.  A  very  simple  ex|>erimeut  with  ^^oap  bubbles 
verj^  well  illustrates  the  application  of  hydrogen  for  filling  balloons. 
Charles,  of  Paris,  showed  the  lightness  of  hy^h-ogen  in  this  way,  and  con- 
structed a  balloon  tilled  with  hydrogen  almost  siuiultaneously  with  Mont- 
golfier.     One  litre  of  hydrogen*'  at  0°  and  760  mm.  pressure  weighs 

**  The  density  of  hy(lrog:en  in  relAtioti  to  the  air  has  l>een  dietvnincifc<l  by  Aceumte 
experimenU.  The  ftrBt  determiiii'Ltii-ni,  murk*  by  L»\vf>ifiii*r,  wan  not  entirely  c-xaci  ;  taking 
th<?  cleiirtity  of  nir  as  unity,  he  obtaiiitHl  U*n7H',|  fnr  thiit  of  byclrop'ii— that  in,  bytSrugen  at* 
thirtet-u  tiniHsi  li|^ht«^r  than  air.  Later  d^terniiiintionM  have  rorrwttMl  thin  fi^ire,  the 
mofit  uccurntti  (letermintttionH  being  doe  to  Tbomecn,  who  obtnined  the  tignre  U1XHI8 ; 
Berztrhusj  ivnd  Diih>ng.  who  obtained  OOlWH;  nnd  DiutuiH  und  Bnn«tMi,  who  obtained 
O'lHifUrj*  But  the  most  exact  dek-riiiiinntion  of  all  is,  without  doubt,  due  to  Remnmalt. 
Hi*  took  two  jipberes  of  con«iiderable  cuvpucity*  which  eoHtnined  equal  volunieu  of  Air 
Ithua  avoiding  the  necesflity  of  any  correction  for  weigbing  them  in  air|.  Both  spherea 
were  attached  to  the  ecale  panft  of  a  btUance.  One  was  i*f.*aled  up,  and  the  other  first 
weighed  empty  and  then  full  of  hydrogen.  Thus,  knowing  the  weiglit  of  the  hydrogen 
tilling  the  spheret  and  the  rupticity  of  the  bpbere,  it  waw  easy  to  lind  the  weight  of  a  litno 
of  hydrogen ;  and,  knowing  the  weight  ctf  a  Hire  of  air  at  the  tiame  temperature  and 
preaaure,  it  waa  eawy  to  cnJcubite  the  density  of  hydrogen.  Regnault^  by  thewe  exiueri- 
inentu,  found  the  average  dennity  of  hydrogen  tf>  heO'OtU^2Gin  relrttion  Ux  air,  or  ineluding 
the  ueceBs&ry  correctinns  0*0-0949. 

In  tbia  book  1  Hball  always  refer  the  deuftities  of  all  gaiiep.  to  hydrogen,  and  not 
to  air  J  therefore,  for  the  nuke  ot  cltiameHSt  I  will  cite  the  weight  of  a  litre  of  dry  pure 
hyfhMJgen  in  grami^  at  a  temperatni'e  f-  und  under  a  pre8is.nre  H  (measured  in  millimetl^s 
of  mercury  i%%  9  \  in  long.  4^}.     The  wei>?bt  of  a  litre  of  hydrogen 

H  ^  I  ' 


=  0  fm95H  X 


im 


—  gram. 
l+0'90a«nf 


For  ai^ronantft  it  t»  v«ry  useful  to  know,  bemdes  thin,  tlie  weight  of  the  air  at  differenl 
beigbtH,  and  I  therefore  in&ert  the  ndjoining  tubk'v  couBtructed  on  the  baHia  of  Glaifiher's 


PreMure 


700  m.m. 

TOO  „ 

flSO  „ 

600  «, 

85€  „ 

mi  „ 

400  „ 

85tl  „ 

800  „ 


Tempemturv 


16° 

11  0° 

+  I'O^ 
_   2-40 

-  ni« 

-13-5^ 
-15i)*' 
-1W2^ 


c. 


Ifotiture 


m  p.o. 

64  „ 

a4  „ 

OB  „ 

03  n 

5H  „ 

53  .. 

44  „ 

3«  „ 

a7  „ 

18  n 


HdiTlit 
0  ml^tres 

ISMU)       „ 
343(1       „ 

4tiria  „ 

B17(>  „ 

aiwi  „ 

7ao«  „ 

8790       „ 


Weiffbt  ef  tJw  iilf 


1393 
1141 
1073 
1003 
»31 
a57 
781 
70& 
634 
642 
4ft7 


kil<».. 
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0*089578  gram  ;  that  is,  hydrogen  is  almost  14^  (more  exactly,  14*43) 
times  lighter  than  air.  It  is  the  lightest  of  all  gases.  The  small  density 
of  hydrogen  determines  many  remarkable  properties  which  it  shows  ; 
thus,  hydrogen  flows  exceedingly  rapidly  from  fine  orifices,  its  molecules 
(Chap.  I.)  being  endued  with  the  greatest  velocity  of  movement. ^^  At 
pressures  somewhat  higher  than  the  atmospheric  pressure,  all  other 
gases  exhibit  a  greater  compressibility  and  co-efficient  of  expansion  than 
they  should  according  to  the  laws  of  Mariotte  and  Gay-Lussac  ;  whilst 
hydrogen,  on  the  contrary,  is  less  compressed  than  should  follow  from 
the  law  of  Mariotte,^*  and  with  a  rise  of  pressure  it  expands  slightly 

data,  for  the  temperatare  and  moisture  of  the  atmospheric  strata  in  clear  weather.  All 
the  figures  are  given  in  the  metrical  system — 1000  miUimetres  =  39*37  inches,  1000  kilo- 
grams =  2204-8875  lbs.,  1000  cubic  metres  =  85816'5  cubic  feet.  The  starting  temperature 
at  the  earth's  surface  is  taken  as  =  15^  C,  its  moisture  60  p.c,  pressure  760  millimetres. 
The  pressures  are  taken  as  indicated  by  an  aneroid  barometer^  assumed  to  be  corrected 
at  the  sea  level  and  at  long.  45°. 

Although  the  figures  of  this  table  are  calculated  with  every  possible  care  from  average 
data,  yet  they  can  only  be  taken  for  an  elementary  judgment  of  the  matter,  for  in  every 
sepcmite  case  the  conditions,  both  at  the  earth's  surface  and  in  the  atmosphere,  will  differ 
from  those  here  taken.  In  calculating  the  height  to  which  a  balloon  can  ascend,  it  is 
evident  that  the  density  of  gas  in  relation  to  air  must  be  known.  This  density  for 
ordinary  coal  gas  is  from  0*6  to  0*35,  and  for  hydrogen  with  its  ordinary  contents  of 
moisture  and  air  from  0*1  to  0*15. 

Hence,  for  instance,  it  may  be  calculated  that  a  balloon  of  1000  cubic  metres  capacity 
filled  with  pure  hydrogen,  and  weighing  (the  envelope,  tackle,  people,  and  ballast)  727 
kilograms,  will  ascend  to  a  height  of  not  much  more  than  4250  metres. 

**  If  a  cracked  flask  be  filled  with  hydrogen  and  its  neck  immersed  under  water  or 
mercury,  then  the  liquid  will  rise  up  into  the  flask,  owing  to  the  hydrogen  passing 
through  the  cracks  about  88  times  quicker  than  the  air  is  able  to  pass  through  these 
cracks  into  the  flask.  The  same  thing  may  be  better  seen  if,  instead  of  a  flask,  a  tube 
whose  end  is  closed  by  a  porous  substance,  such  as  graphite,  unglazed  earthenware,  or  a 
gypsum  plate,  be  employed. 

*  According  to  Boyle  and  Mariotte's  law,  for  a  given  gas  at  a  constant  temperature  the 
volume  decreases  by  as  many  times  as  the  pressure  increases ;  that  is,  this  law  requires 
that  the  product  of  the  volume  v  and  the  pressure  p  for  a  given  gas  should  be  a  constant 
quantity :  pV'^C,  a  constant  quantity  which  does  not  vary  with  a  change  of  pres- 
sure. In  reality  this  equation  does  very  nearly  and  exactly  express  the  observed  rela- 
tion between  the  volume  and  pressure,  but  only  within  comparatively  small  variations 
of  pressure,  density,  and  volume.  If  these  variations  be  in  any  degree  considerable,  the 
quantity />»  proves  to  be  dependent  on  the  pressure,  and  it  either  increases  or  diminishes 
with  an  increase  of  pressure.  In  the  former  case  the  compressibility  is  less  than  it 
should  be  according  to  Mariotte's  law,  in  the  latter  case  it  is  greater.  We  will  call  the 
first  case  a  positive  discrepancy  (because  then  d  (pv)  d  (p)  is  greater  than  zero),  and  the 
second  case  a  negatiA  e  discrepancy  (because  then  d  (pv)  d  (p)  is  less  than  zero).  Deter- 
minations made  by  myself,  M.  L.  Kirpicheff,  and  Hemilian  showed  that  all  known  gases 
at  low  pressures,  when  considerably  rarefied,  present  positive  discrepancies.  On  the 
other  hand  it  appears  from  the  researches  of  Cailletet,  Natterer,  and  Amagat  that  all 
gases  under  great  pressures  (when  the  volume  obtained  is  500-1000  times  less  tlian 
under  the  atmospheric  pressure)  also  present  positive  discrepancies.  Thus  under  a  pres- 
sure of  2700  atmospheres  air  is  compressed,  not  2700  times,  but  only  800,  and  hydrogen 
1000  times.  Hence  the  positive  kind  of  discrepancy  is,  so  to  say,  normal  to  gases.  And 
this  is  easily  understood.     Did  a  gas  follow  Mariotte's  law,  or  were  it  compressed  to  a 
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less    than    at    the  fttinospherie    p res.su re. '^'■'     However^   liydrogen,   like 
air  and  many  other  gases  wliit^h  are  peniianeiit  rit  the  ordinary  teni* 

greater  erteiit  tiiau  \»  hIiowh  by  thit;  luw,  then  under  ^reat  [>re^<iJirofl  it  would  attain  i^J 
rknsity  Renter  i\mn  tbut  of  ftolid  and  liquid  wubHtaiueH*  whiidi  i«  in  itwdf  imiirolmblp  and 
even  impofe^ible  by  reason  of  Uie  fact  that  eolid  and  liquid  Hub^ttant^en  are  tbem^elves  butt 
littl*?  conipreasililt?.     For  instaricef  a  cubic  centinn?tre  of  ojty^feu  at  0^  and  under  the  ab- 
mo«|!iberic  pressure  weighs  about  0'0014  gTnim+  and  at  i\  pressure  of  30U0  atinospberea 
Uhim  pressure  ia  attained  in  guns)  it  would,  it  it  folloHtHl  Mariott«»*s  law,  weigh  4'2  grams — 
that  in,  would  be  aljout  four  t'mms  heavier  than  wat«r~and  at  a  pressure  of   lOUOO  atmo- 
fipheres  it  would  l>e  heavier  than  mercury.     Besidea  tliis^  jjositive  diftcrepaiici«?H  are  pro- 
bid  de  in  the  Reuwe  tliat  the  molecules  of  a  gaK  theniselvej*  muHit  occupy  a  certain  volume. 
Ailmitting  tbfti  Hariotte's  law  only  applies  to  the  intermolecular  space  &till  we  fmd  the 
necessity  of  positive  diBcrepancie^.     If  we  designate  the  volume  of  the  molecules  of  a  gA&i 
hyh  (like  Vau  derWiuik,  see  Chap.  I,  note  341,  then  it  rauat  be  ex|>ectt'd  that  jj  (t'  —  h)  =  0,.i 
Hence  pv  *  C+  hp^  which  exprenaeti  a  positive  diecreiMincy.    Supposfiiig  that  for  hydrogen  1 
/i«  =  10<K»,  Art  a  pressure  of  one  metre  of  mercury,  according  to  the  result**  of  Regju^ult'a, 
Atiukgat's» and  Nntt<?rer'B  «xperinientH,  we  obtain  L  oa  approximately  07  to  0'9. 

Thus  the  increase  of  jtv  with  the  incrcaK©  of  preKKurt+  must  be  con«>idere»d  an  tlittJ 
normal  law  of  the  compreArtibility  of  ga^es.     Hydrogen  prenenm  such  a  }XJ»itive  compreB-l 
«d»ility  at  all  prejiHurew,  for  it  pre^^ent!*  positive  diacreiMUcieri  from  Mariutt*'B  law,  accord- 1 
kig  to  Regiiault,  at  all  pre^-Hure!^  above  the  atmnBpheric  presauiv.     Henct'  hydrogen  is, 
to  to  sny,  A  fcampl©  gait.     No  other  g&^  bebavcK  ko  nimply  witli  a  change  of  prenMure.    All 
other  gased  at  pressures  from  1  tti  30  ntmdBphf  rofe  iirK*^?Tit  negative  diftcrepancies— that 
IB,  they  are  then  oompreHsed  to  a  g^reater  degree  than  should  follow  from  Mariotte'fi  law,  | 
&»  was  shown:  by  the  dettirminationH  of  Retniault^  which  were  verified  when  rep«*ated  by  1 
myself  andBoguzsky.     Tbu^,  for  example,  on  changing  th^preKHure  from  4  to  iiti  metres  1 
of  mercury — that  ir,  on  increaRiug  the  preHsure  five  timew — the  volume  only  decreaned  j 
i'UH  timeH  when  hydrogen  was  taken,  and  5*0lJ  when  air  was  taken. 

The  diHcrepaneieH  from  the  law  of   Boyle  and   Rtariotte  for  aon»iderable  prefigures  I 
(from   1   t^v  MHMt  aitnoKphereti)  are   well   expreai^ed  ifor  con»tanb  tetnperatureK)  by  the 
above-meutionerl  formula  of  Van  der  WaalsfChap.  L  Note  34) ;  ClauMiuH'  fornmla  i»  mor^  i 
cios«^ly  iipproiciinate.but  aHit  and  Van  der  Waals'  fonnula  alAa  do  not  in  any  way  expresw 
the  existence  of  positive  di»wrepaucie»  from   the  law  at  low   pre^Hurea,  and  as,  accord- 
ing to  tlifi  above-mentioned  determinatiouK  made  by  myself,  Kiri>icbeflf,ftnd  Hemilian  and 
verified  (by  two  metbtKJsi)  by  K.   D,  Kraevitch,  tbciy  are  projier  to  all  ganeH  (even  lothofto 
which  are  easily  compresHed  into  u  liquid  fitatwt  aueh  a»  carlnmic  and  «nlphnrnu6  anhy-  i 
drides) ;  therefore  thetwt  foninilof'^  whilst  ac'curatidy  interpreting  tlie  phenomena  of  con* 
deuiuition  and  even  of  liiinefai^tioii,  do  not  annwer  in  the  CAse  of  a  high  mrefaction  of  j 
g&B6s — tlnit  is,  in  that  inhtanee  where  a  gas  approaches  to  a  condition  of  maximom  dla*  ' 
perdion  of  its  nKilecnleH,  and  peilmpM  prenentfi  a  }mssage  towarda  the  sybatHuce  termed  I 
'  luminiferouH  ether '  which  611n  up  interplanetary  and  interHtellar  Hpace.    if  we  snppofle  i 
that  gaaes  are  raretlaltle  to  a  defltiJt*^  limit  only,  having  attained  which  they  (like  solids)*  | 
do  not  ttltpr  in  volnnw  ^vith  a  det::i^eafte  of  prcHsure,  then  tm^tlje  one  hand  the  passage  of 
tin?  atmoHidiere  at  its  upper  limits  into  a   bonuigeueoos  cLhereal  medium   l>ecomfB  pom- 
fU'ehenrtible,  and  on  the  other  hand  it  would  he  exijected  tluit  gan-e^  would,  in  a  Ktate  of  j 
high  raitfaotion  (i.e.,  when  hmall  tita«ises  of  gai^es  occupy  large  vulumefi,  or  when  fnrtht*itt 
removed  from  a  liquid  Btnte)  |irtacnt  positive  discrepancies  from  Boyle  and  Mariotte'n  law. 
Our  present  acquaintance  with  tliii>  province  of  highly  rarefied  ga&es  is  most  lindted,and 
its  further  dt?velopnient  promises  t<:t  elucidate  much  in  respect  to  natural  phenomena.    To 
the  three  stateK  of  matter  (solid*  liquid^  and  gat^^'oUH)  it  ia  e\idcnt  a  fonrtli  must  be  yet 
lulded,   the   ethereal   or   uUra-gaseous  (aw    CnxikeH  proposed),  understanding    l>y  this 
matter  in  its  highent  pohsilde  ntate  of  rn it; (action. 

***  The  law  of  Gay-Lussoc  states  that  all  gat*es  in  all  conditious  present  one  crjefficient 
of  expiinsion  fl*0<l307  ;  that  is,  when  heated  from  0*^  to  ln0°  they  expand  like  air; 
uamely,  a  thousand  volumes  of  a  gan  meti^aured  at  0^  will  occupy  13r»7  volumes  iit  1D0°. 
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im 


does  not   pass  into  a  lit|uit!  state  under  ii  very  consider- 
j^TBBsure,*^  but  is  t'oni pressed  iiit»i   u  lesser  volume  tliun  would 


RegTiAult,  Abaut  1B5Q,  nhowotl  th*a  (tAy-Luasjtc's  l»iw  is  nut  entirely  eoiTect,  »nd  ihut 
ditltftKnt  KAseK^  lutd  lUsm  one  and  the  saiue  Ka^  »*  tiillertJiit  i»itf6»uren,  have  not  quit*  tlie 
Aaate  coefticienttt  uf  expciiiMioji.  'ThtiA  the  expiiiiiiioii  u(  air  bctwei^n  0-  aod  100-  U  0*8457 
under  Uie  urdiniury  pret^aure  of  one  atmosphere,  luid  at  tlirt^e  Atino**phert»«  it  i»  OiiTl,  the 
«xpiiiiHion  of  hydnjgen  itt  0*aM,  und  of  carhoaic  anhydride  0U7,  KegnauU^  howevier,  did 
toot  directly  determine  th«  chiitige  of  Tolume  bet\v«<?n  iJie  Q^  itud  IW^^  hut  ujettSurtHl  the 
VOjriatioD  of  tension  with  tht;  change  of  temperature ;  but  a«  )£aH4?&  do  nut  entirely  follow 

[  ^oriottc'B  law,  therefore  the  change  of  volume  CAiiuot  be  directly  judged  by  thw  variatiott 
of  tension.  The  investigattotiH  carried  on  by  myself  and  Kayandeft  about  1»70,  »bowed 
the  direct  variation  of  volmiie  on  heating  from  0'  to  100^.  Thetw  investigations  confirmed 
lii»gnault'«  ci>nolu»iim  that  Gay-LnHiiac'a  law  h  not  entirely  correct,  and  further  showed 
(1)  that  Uie  exjMiUsion  per  volume  from  0**  lu  1(K)"  under  a  pressure  of  one  titmospliere, 

[  lor  air ^O'iiiiH,  fur  hydroj^en  =0*1M57,  for  carbonic  unhydride  =  0;i78,  for  hydrt>gen  bromide) 
■=0*iiHt5,  it'C. ;  {'I)  tljat  lor  gnnen  which  ii-re  more  compreHHible  than  ahuuld  fuUuw 
Irocu  Mariotte's  law  tb*^*  expansion  by  heat  increases  with  the  pressure — for  example, 
lor  air  at  a  pressure  of  three  and  a  half  atmunpheres,  it  equals  U"871,  for  tarUmic 
anhydride  at  one  ritmoipbere  it  etpiaU  0-37B,  at  three  atmospheres  0  UftU,  ami  at  ei^dit 
AtraoHphorew  0413 ;  (Ji)  that  for  ga^«  which  are  letw  comprefttiible  tlian  «hoiikl  follow 
Iruiii  Mivriotte'H  law^  the  expan<iion  by  heat  decreaHos  with  an  inrreasie  of  presnure— 
for  example,  for  hydrogen  at  one  atmosphere  0*iJtl7,  at  eight  atiiioHpheres  OMM,  ff>r  air  at 
a  quartL<r  atmo&^phere  0*IS70,  at  one  atmosphere  O'BrtM ;  und  hydrogen  like  air  iand  all 

i  ifaici*)  i«  Ic-ii  coniprefcsed  at  hti*  prt**&ure$  than  fihould  (f)Uo%v  from  Mariotte'*  lawlnir 
at  higher  pretisareK  than  the  atmospheric  pressure  givi^H  a  contrary  rcKUltU  an  ii:ve*tiga- 
itoutt  nuule  by  mynelf,  aided  by  Kirpicheff  and  Hemiliuu,  nhuwed.  Hence,  hydrogen, 
atartiug  from  zero  to  the  highest  pre*iiureM,  exhibits  a  gmdnally*  »ilth<mgh  only  ^.lightly, 
varying  coefficient  of  expanwioTi,  whilst  for  air  and  uthcr  gaaei*  at  the  atiuoHphenc  ^uid 
higher  presBures,  the  coefhcient  of  expansion  increuiiert  witli  the  increase  of  pressure,  tio 
long  an  their  compressibility  is  greater  than  should  follow  Irom  Mariotte'i*  law.  But 
when  at  comsiderable  pret*HUreK,  tlii>i  kind  of  diHcrepaney  pa^iteN  into  tlie  normal  (nee  Nuto 
3S),  then  the  coefficient  of  expansion  of  all  gases  decreaHcsi  with  aii  increase  of  preasurej 
mm  IB  aeen  from  the  re^iearclieji^  of  Amagat-  The  diiference  Ijctween  the  two  coefliicienta 
«f  expansion^  for  a  comttant  preH»mre  and  for  a  con*»tant  volume*  \h  explained  by  theve 
rrtalionHu  Thus,  for  example,  for  air  at  a  (iressure  of  one  almui»phere  the  truecoethtient 
of  expansion  tthe  volume  xarying  at  constant  pressure)  =0'U0JJrt8  (according  to  Jleude- 
leeir  and  Kuyander)  and  the  Variation  of  teniiioii  (at  a  conKtant  volume,  according  to 
RegniuiU)  =0t>0rtd7. 

-7  Permanent  gat^ft  are  sucli  a»  cannot  he  liquefied  hy  \xn  increaHe  of  preh»nre  alone. 
With  a  rtfte  of  t««mperature,  all  gane^  and  vapours  become  pernuinent  gaaee.  As  we  nball 
aJterwarda  loam,  carbonic  anhydride  becomes  a  permanent  gan  at  temt*iiraturet.  above 
91^,  and  at  lower  temperatureti  it  hati  a  maximum  teunion,  and  may  be  liqueHed  by 
preMure  alone. 

Thti  tiquef action  of  gaaea,  at^compliHhed  by  Faraday  \9ee  Ainmoiiia)  and  othera,  in 
Ibo  fir*t  half  of  thin  centur5%  i^bowi^d  tlnit  a  number  of  fiubstancee  are  cajjahle,  like  water, 
of  taking  all  tliree  physical  4^tate»,  and  that  tli^re  is  no  etiaential  diJffereuce  between 
VafHturs  and  ga-iea,  the  only  distinction  being  tlial  the  boiling  pointa  for  the  temptrature 
at  which  the  tension  ^T'ViJ  mm-)  of  liquids  lie  above  the  ordinary  temi^erature,  and  thotie 
of  U()nefif«d  ^4i&e^  below,  and  con«iequently  a  gas  is  a  hUiK?rheated  vapour,  or  vupitur 
hfiated  attcive  the  hoibng  jwiint,  or  reuiored  from  saturntion,  rarefied,  having  a  tiiwer 
tension  than  that  miucimum  which  ia  proper  to  a  giveTi  temperature  and  KubiatauLe.  We 
trill  here  cite,  a«  we  did  for  water  ip.  54),  the  maximum  tefUioitJt  of  certain  liquids  anil 
ga^aes  at  various  tfptprraitfrrg,  becaui»e  they  may  be  taketi  advantage  of  for  obtaining 
CDonHtani  tempera tureti  by  changing  the  pressure  at  which  boiling  or  the  formation  of 
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follow  from  Msiriotte's  law.^^  From  this  it  may  \w  ccmcludetl 
that  the  absolute  boiling  point   of  hvflrogeii,  and  of  gases  resembling 

ttttturated  vaixiurK  tnketj  plnce.  The  teiupertttiirt'H  {rtccordiiig  lo  the  air  ihiiriiiometer) 
lire  placed  on  tli»*  lefl^  mid  the  tf  ustoti  ui  luillimeires  of  merLury  (at  i>'^)  on  the  nglit, 
liatid  fiide  of  the  equation b.  Carboti  biBulphid©,  Ci^^,  0^  =>  127  9  ;  11^^ » 1^8-5 ;  20'  =  298'! ; 
1R»^^4316;  HP=iMTh',  60- =8571*  Chlorobeuzeiie,  t'(^U6Cl,  70  -l>71J  ;  t^O^-UrS; 
ilO^=20H"4;  ItXJ  *i!U'itt;  lltJ^^40'2'*J;  lilU^^54liti;  1»U'^  =  71»0-  Anilitie,  C<jH7N, 
160=*2a8'7;  ItHJ  ==^870;  17U-^515'6;  im'^67T%;  185''=771'o.  Hetliyl  (salicylate, 
CsH^Oj,  180^  =  24»  M  ;  1W  =  880-9:  200  =4324;  210  =557  5;  220^^7102;  'i24^*.77fty- 
Merciu-y,  Hg,  300*  =  240  8  ;  aiO-  =  804  V  ;  320^  =  373-7  ;  MO^  =  4544  ;  310^*=  648"li  ; 
8&0^' ^ 0580 ;  85i>  ^ 770  !l.  Sulphur,  S,  895 -  =  Hm  ;  428^  =  500 ;  44 3=^ - 700  ;  452^  =  800 ; 
Ifif)'^  — IIOO.  TheHe  fij^njrea  (Kams^ay  and  Young)  ehow  the  {JOBsibiliLy  of  fiiting  con- 
stant temper  a  tnreB  in  the  vapoiir»<t  of  boiling  lii|uiil».  The  len^iou  ot  liqnefied 
gaseti  is  expreaued  in  atmcHiphereB.  Snlphurons  anliydride*  BOa,  ^80- —  04;  ^20^  =  0"6; 
-lO'^'-l;  0*^  =  1-5;  ^10°*=S'»;  20'='* 8*2;  S0^«6-8.  Aiiimo&ia,  NH3,  -40^  =  0'7; 
-  80^^ « 1-1 ;  -  20^  ^  18 ;  -  10^  =  2'8 ;  0^  -  42  ;  + 10^  »  fio ;  2a  =  8-4.  Carbonic  aidiyflride, 
CO2,- 115*=*= 0*038  ;  -  80 -  =  1 ;  -  70  =  2"  1 ;  -  00^  -  81> ;  -  m  =  G-8 ;  -  40°  =  10 ;  -  20^  - 28 ; 
O''  =  85  ;  + 10°  -  4« ;  20°  -  58.  Nitrous  oride,  N\0,  - 125  -  -  0*oaa ;  -  fl3^  =  1 ;  -  80^  =  1  •» ; 
^50^^7*6;  -20^  =  28*1;  0^  =  30'1;  -r20-  =  55».  Ethylene,  CaH^,  --140° -0  038; 
-I80°-O'li-I08=  =  l;  -40°-lS;  -1^^  =  42.  Air,  -lfll=-l;  -168^=^14;  -140^  =  89. 
Nitrogrm,  N3,  -  aofl"^  ^  O085  ;  - 193''  ^  1  ;  ~  160^  =^  1 4  ;  - 146^  =  82.  Tho  methods  of 
liqttefyinj?  gaeeii  (by  pre»Hiire  and  t!old)  will  be  deBcribed  under  atiimonla,  nitronia  oxide, 
Bulpliuroue  anhydride,  and  in  later  fotstnoten.  Wt^  will  now  turn  our  attention  U)  the 
fart  tluit  the  evajwiratiou  of  volatile  liquids,  under  various^  and  eHpeciully  mider  low, 
preHsufew,  giveii  an  eaa-y  meanii  for  obtaining  low  tcmprra tares.  Thus  b<jueiit'd  carbonic 
anhydride,  under  the  ordinary  preB«uret  redtiteB  the  U^mperrtture  to  -  HW'-',  nnd  when  ib 
eva[>orateB  in  an  atmosphere  rarefied  (in  an  air-[nnnpi  to  2rj  mm.  (  =0  038  atuiobph^rea) 
Ihe  temperature,  judging  by  the  iihove-cited  figures^  hdb  to  115-  (Dewarj.  Eren  the 
eva|>oration  of  litjuidii  of  t-ommon  occurrenee,  under  low  prebsures  ea»iily  attainable  in  an 
nir^jiump,  may  prt)duce  low  temperatures.,  which  nniy  be  tigain  taken  advanitiige  nf  for  ob- 
Uiinmg  Btill  lower  temperatures,  Water  boiling  in  a  vacuum  beeoraen  eold,  and  under 
A  pressure  of  lem  thnn  4'5  nun.  it  free^eH,  l>eiau»b  its  tension  at  0"  is  4  6  mm.  A 
sufliciently  low  temp^ruture  may  be  obtained  by  forcing  fine  t^treams  of  air  tlimttgh 
coninioii  ether»  or  liquid  carbon  bi»ulphide»  C^.j,  or  methyl  chloride,  CHjCl,  lUid  other 
Himihir  volatile  liquids.  In  the  adjoining  table  are  given,  for  certain  gat^u,  (.1)  the 
nutnber  of  rttniortpheres  neceBHarj'  for  their  liquefaction  at  15',  luid  (2)  tVie  boiling  pointa 
uf  the  reuulti^nt  liquid»  under  a  preesiire  of  7ri'0  mm. 

G,H,        N/J         CO,         11^        A»H,      NU,       HCl       CH.Cl      C*S,       80, 
())  4i  ai  M  10  S  7  ^5  4  4  S 

(3)       -105°       -92*       -HO"      -74''       -»«'       -38^       -W^       -24'*       -21°      -lO* 

***  Nutterer'g  determination  a  (1851-1854),  together  with  Amagat'ti  reiiultii{lH80-1888)t 
fthow  that  the  compressibility  of  liydrogen,  under  high  pree»ure»,  may  he  expressed  by 
the  following  figures  : — 

p  =  I  100 

V  ^  I         0  0107 

pv  -  1  107 

*  -        Oil  10  8 

where /J  =  the  presfeure  in  melreK  of  mercufy,  v=  the  vnlume,  if  the  volume  taken  under 
{%  preHiiiire  of  1  metre  -  1,  and  *  the  weiglit  of  a  litre  of  hydrogen  at  20-  in  gramB.  If 
hydrogen  followed  Miiriotte**  law,  then  under  a  prei*»ure  of  SriOO  metreti,  one  litre  would 
contain  not  85^  but  Slil,  grains.  If  i»  evident  from  the  ahove  figures  that  the  weigbt  of 
A  litre  of  the  gHs  approacheH  a  limit  as  the  prensure  incireases,  which  la  doiibtleiia  the 
dentiity  of  the  gaa  when  liqiK^fied,  atid  therefore  the  weight  of  a  litre  of  liquid 
hydrogen  will  probably  be  near  IDO  grams  (density  about  0"1,  being  lesa  tbtkii  tlmt  of  idl 
*3thcr  lit|uid»). 
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it,*^  lies  very  much  below  the  ordinary  temperature  ;  that  is,  that  the 
liquefaction  of  this  gas  is  only  possible  at  low  temperatures,  and  under 

*^  Cagniard  de  Latour,  on  heating  ether  in  a  closed  tube  to  about  190°,  observed  that 
at  this  temperature  the  liquid  is  transformed  into  vapour  occupying  the  original  volume 
— that  is,  having  the  same  density  as  the  liquid.  The  further  investigations  made  by 
Drion  and  myself,  showed  that  every  liquid  has  such  an  absolute  boiling  pointy  above  which 
it  cannot  exist  as  a  liquid  and  is  transformed  into  a  dense  gas.  In  order  to  grasp  the  true 
signification  of  this  absolute  boiling  temperature,  it  must  be  repiembered  that  the  liquid 
state  is  characterised  by  a  cohesion  of  its  particles  which  does  not  exist  in  vapours  and 
gases.  The  cohesion  of  liquids  is  expressed  in  their  capillary  phenomena  (the  breaks 
in  a  column  of  liquid,  drop  formation,  and  rise  in  capillary  tubes,  &c.),  and  the  product  of 
the  density  of  a  liquid  into  the  height  to  which  it  rises  in  a  capillary  tube  (of  a  definite 
diameter)  may  serve  as  the  measure  of  the  magnitude  of  cohesion.  Thus,  in  a  tube  of 
2  mm.  diameter,  water  at  15°  rises  (the  height  being  corrected  for  the  meniscus)  14*8  mm., 
and  ether  at  <°  to  a  height  5-35  — 0*028  <°  mm.  The  cohesion  of  a  liquid  is  lessened  by 
heating,  and  therefore  the  capillary  heights  are  also  diminished.  It  has  been  shown 
by  experiment  that  this  decrement  is  proportional  to  the  temperature,  and  hence  by  the 
aid  of  capillary  observations  we  are  able  to  form  an  idea  that  at  a  certain  rise  of 
temperature  the  cohesion  may  become  ^0.  For  ether,  according  to  the  above  formula, 
this  would  happen  at  191^.  If  the  cohesion  disappear  from  a  liquid  it  becomes  a  gas, 
for  cohesion  is  the  only  point  of  difference  between  these  two  states.  A  liquid  in 
evaporating  and  overcoming  the  force  of  cohesion  absorbs  heat.  Therefore,  the  absolute 
boiling  point  was  defined  by  me  (1H61)  as  that  temperature  at  which  (a)  a  liquid  cannot 
exist  as  a  liquid,  but  forms  a  gas  which  cannot  pass  into  a  hquid  state  under  %ny 
pressure  whatever;  (6)  cohesion  =  0;  and  (c)  the  latent  heat  of  evaporation  =  0. 

These  ideas  were  but  little  spread  until  Andrews  (1869)  explained  the  matter  from 
another  aspect.  Starting  from  gases,  he  discovered  that  carbonic  anhydride  can- 
not be  liquefied  by  any  degree  of  compression  at  temperatures  above  81°,  whilst  at 
lower  temperatures  it  can  be  liquefied.  He  caUed  this  temperature  the  critical  tem- 
perature. It  is  evident  that  it  is  the  same  as  the  absolute  boiling  point.  We  shall  after- 
wards designate  it  by  tc.  At  low  temperatures  a  gas  which  is  subjected  to  a  pressure 
greater  than  its  maximum  tension  (Note  27)  is  completely  transformed  into  a  liquid, 
which,  in  evaporating,  gives  a  saturated  vapour  which  possesses  this  maximum  tension ; 
whilst  at  temperatures  above  tc  the  pressure  to  which  the  gas  is  subjected  may  increase 
indefinitely.  However,  under  these  conditions  the  volume  of  the  gas  does  not  change 
indefinitely  but  approaches  a  definite  limit  [see  Note  28) — that  is,  it  resembles  in  this 
respect  a  liquid  or  a  solid  which  is  altered  but  little  in  volume  by  pressure.  The 
volume  which  a  liquid  or  gas  occupies  at  tc  is  termed  the  critical  volume^  which  corre- 
sponds with  the  critical  pre88ure,  which  we  will  designate  by^c  and  express  in  atmo- 
spheres. It  is  evident  from  what  has  been  said  that  the  discrepancies  from  Mariotte 
and  Boyle's  law,  the  absolute  boiling  point,  the  density  in  liquid  and  compressed 
gaseous  states,  and  the  properties  of  liquids,  must  all  be  intimately  connected  together. 
We  will  consider  these  relations  in  one  of  the  following  notes.  At  present  we  will 
supplement  the  above  observations  by  the  values  of  tc  and  pc  for  certain  liquids  and 
gases  which  have  been  investigated  in  this  respect — 
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great   pressures.^*'     Tliis  conclusion    was   verilied    (1879)  by   the  ex- 
penmeuts  of     Pict^t   and    Cailletet/'*^      Ttiey    compressed    gfises  at  a 

*^  Tills  eonclusiion  wan  iirrived  iit  by  m*^  in  iHTli  i.;Vim.  Phy«.  Cheni.  141,  (3*28). 

^^  Pictet,  ill  liirt  reaemthes,  eilecticifi  tbe  tlirtftt  licjuefrtction  of  niH.ny  ganes  wliich  nj^to 
thiit  timts  liiid  not  been  Hqupfit^d.  He  emplayeii  tin?  uppanttUfe  used  for  the  iiumt) fat- lure 
of  ico  on  A  larpe  at'ule,  enipliiiyitig  the  vapr^riwitiott  of  liqnid  istilplmrtms  anbydridtt 
wliieli  limy  t>e  liquefied  by  prt^Hsme  alone.  This  anhydridt'  it*H  y^ii^^  wlik'b  im  transformed 
inttii  a  bijuid  at  the  ordinary  t4*iiipertitnrc  under  a  pressiure  of  several  utmoH-pheivri  (^rr 
Note  27)^  and  boils  at  —10^  tit  tlie  ordinnr>'  atuiot^plnyric  pressure.  This  liquid,  like  nU 
otherttj  boilH  at  a  lower  temiK^ratnre  nwler  a  tbouiiinbed  pre*«4ure,  and  by  contiiiuuUy 
pmnping  out  the  gas  which  conit^eoff  by  means  of  a  ijowerful  air-pump  its  boiliuji;  [Kjiirl 
fall t^  as  low  as  Itr.  CcniHeijuently,  if  w«  on  the  one  band  force  liquid  HiiJphurotit* 
anhydride  into  a  vcHiseh  and  on  the  other  baud  punij*  out  tb«  ga«  from  the  sftine  vessel 
by  ixjwerf  til  air  pumps,  then  the  liqu<?fied  gAs  will  boil  in  the  veaiselj  and  cauHe  the  teinpern- 
ture  in  it  to  fall  to  —  75  \  If  a  second  vessel  i»  placed  inside  this  veaselt  then  another 
gas  tiuiy  be  easily  bquelied  in  it  at  the  low  teniiJ*  raturt*  pioduced  by  the  Ixiiling  liquid 
Bulphurous  anhydride.  Pictet  in  tliiA  nninner  easily  liquefied  farlKUiic  anhydridt^  COj 
(at  —ISO''  under  a  |treiiKure  of  from  four  to  six  abiiuH[>bfc'reM).  This  ^a»  is  more  refnwtory 
to  liquefaetion  thun  sulphurous  anhydride,  but  for  ihibs  reawon  it  giveu  on  evajKi rating  a 
»till  low*?r  temperature  than  can  be  attained  by  the  evaporation  of  KulpburouH  aiibydridt?. 
A  teuiperattire  of  —  tiO^  may  be  obtained  by  tiieeva[K>ration  of  liquid  earhonit-  anhydride  at 
a  preBtture  of  700  mm.,  and  in  an  atmoHftbere  rarefied  by  a  powerful  pump  the  teinperaturw 
lolls  to  -  140-.  By  fcnii>loying  Huch  low  temperatures,  it  waw  poshible,  with  the  aid  of 
pressure,  to  Hquefy  the  majority  of  the  other  gasen.  It  is  evident  that  ftjwcial  pumps 
which  are  capi^ble  of  rarefying  ^^aisea  iire  neeei>»gary  to  reduce  the  |jresbure  in  the 
chaniberrt  in  which  the  sulplmroun  atid  carbonic  ivtihydride  b«jil ;  and  that,  in  order  to 
re-c<^»nfleiiHe  the  reHultant  giir^e^  into  liquids^,  speciid  force  pumps  are  required  fof  pumping 
i\w  liquid  anbydrideH  into  the  refrigerating  cha miter.  Tima,  in  Pictet'S  apppiratus 
(fig.  211,  the  carbonic  anhydride  was  liquefied  by  the  aid  of  the   pumpa  E  F,  which  com- 


Fiu,  Si,— <lc]ll7al  nrraoireiiietit.  of  tho  np}ninitu^  mq^loye*!  by  FlcteLhirlb^aiif^iig^  gA«t!«, 
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very  low  temperature,  and  then  allowed  them  to  expand,  either  by 
directly  decreasing  the  pressure  or  by  allowing  them  to  escape  into  the 
air,  by  which  means  the  temperature  fell  still  lower,  and  then,  just  as 
steam  when  rapidly  rarefied^'^  deposits  liquid  water  in  the  form  of  a 

pressed  the  gas  (at  a  pressure  of  4-6  atmospheres)  and  forced  it  into  the  tube  K, 
vigorously  cooled  by  being  surrounded  by  boiling  liquid  sulphurous  anhydride,  which 
was  condensed  in  the  tube  C  by  the  pump  B,  and  rarefied  by  the  pump  A.  Th« 
liquefied  carbonic  anhydride  flowed  down  the  tube  K  into  the  tube  H,  in  which  it  wan 
subjected  to  a  low  pren^^ure  by  the  pimip  E,  and  thus  gave  a  very  low  temperature  of 
about  140 -.  The  pump  E  carried  off  the  vapour  of  the  carb<mic  anhydride,  and  conducted  it 
to  the  pump  F,  by  which  it  was  again  liquefied.  Tlie  carbonic  anhydride  thus  made  an 
entire  circuit — that  is,  it  passed  from  a  rarefied  vapour  of  small  tension  and  low  tempera- 
ture into  a  compressed  and  crxiled  gas,  which  was  transformed  into  a  liquid,  which 
again  vapo^i^*ed  and  produce<l  a  low  temi)erature. 

Inside  the  wide  inclined  tube  H,  where  the  carbonic  acid  evaporated,  wa«  placed  a 
second  and  narrow  tube  M  containing  hydrogen,  which  was  evolved  in  the  vensels  L 
from  a  mixture  of  sodium  formate  and  caustic  soda  (CHO^Na-^  NaH0»Na;C03+  H.J. 
This  mixture  gives  hydrogen  on  heating  the  vessel  L.  This  vessel  and  the  tube  M  were 
made  of  thick  copi>er,  and  could  withstand  grcrat  pressures.  They  were,  l>e«ide«,  her- 
metically connected  together  and  closed  up.  Tlius  the  hydrogen  which  was  evolved  had 
no  outlet,  accumulated  m  a  limited  space,  and  its  pressure  increased  in  profKjrtion  to 
the  amount  of  it  evolvwl.  The  magnitude  of  this  pressure  was  recorded  on  a  metallic 
manometer  R  attached  to  the  end  of  the  tul>e  M.  As  the  hydrogen  in  this  tul^e  was  suJ>- 
mitted  to  a  very  low  tem|*rature  and  a  jKjwerful  pressure,  th*rre  were  all  the  necessary  w/n- 
ditions  for  its  liquefaction.  AVhen  the  presHure  in  the  tube  H  became  steady — i>?.,  when 
the  temi>erature  had  fallen  to  -  140  ,  and  the  manometer  R  indicate<l  a  pressure  of  050 
atmospheres  in  the  tulje  M — then  this  prcr^sure  did  not  rise  with  a  further  evolution  of 
hydrogen  in  the  ve>r»el  L.  Thir,  served  as  an  indicatirm  that  the  tension  of  the  vajK>nr  of 
the  hydrogen  had  attained  a.  maximum  cr>rresjionding  with  -  140  ,  and  tliatc'^mfterjoently 
all  the  excess  of  the  ga-n  wa.-.  condenft*;<l  to  a  liquid.  Pict*ft  convinced  himftelf  of  tfaia 
by  oi>ening  the  cock  N.  when  the  liquid  hydrr>gen  mshe'l  out  from  the  (mfuvk.  But,  on 
leaving  a  space  where  the  f irei^sure  was  eqtial  tr>  fi50  atmrn»phere«i,  and  c/rnimg  into  arnXmcl 
with  air  onder  the  ordinary  pre-sure,  the  liquid  or  iKiwerfully-c/mpreiwied  hydr'^«i 
expande<L  biegan  to  b«^>il.  absorWd  !*till  nw^re  heat,  and  l*e*:ame  still  uAAht.  In  d/«ing  so 
a  portion  of  the  liquid  iiy«ir«^»<jen.  acc«^»rding  to  Pictet,  joavited  into  a  uAid  state,  and  did 
not  fall  in  droj»«  into  a  v*-,,*^]  placed  under  the  outlet  N,  but  as  pieceii  of  solid  matter, 
which  struck  against  the  -ide*  oi  the  vessel  like  -hot  anrl  immerliately  vapr>ri*«sd. 
Thus,  although  it  wa»  iiiif^/«s:ble  to  «ve*r  and  keep  the  liqoefie^l  hydrogen,  still  it  wa» 
admitted  xr\A\  it  fia.-'i^-d  n^.t  only  into  a  li/|uid,  but  a\:^»  into  a  t«^/lid,  f»tAt*,  becaoM;  I'#ctet 
in  his  exj*rrlments  •^.b:A:ae<i  other  ga-vrs  which  had  thA  previ/zOsly  b^*n  li/jrwrft^d, 
e*i)*^iAl]y  uiT^en  and  nitrr-gen,  ;n  a  liquid  and  v,lid  ntate.  Pi<^rt»!rt  AOpi>o*««3d  that  li/joWl 
and  solid  \iy*\joji*Tii.  hav*-  ihe  profj^n.e^  of  a  meta].  like  .rtm. 

^  A;  :he  sA^Qe  t.ir.*r  1-7:.*  a-  Pxtet  »«s  working  ^^n  tl*e  l.qo-fairti/^/n  fA  ^av;«  in 
Swiizerlan-i,  (J Ai'ilf'r^z.  i,r.  Pat:-.  -arat  f^.tiri.:^!  f.n  the  -AW^e  %abj**/t.  »Im4  hit  re^ilta, 
althuu^^'h  not  *-•  ..•^.r.-.  ir.o.ni^  *^  P.f  t*rt'-».  fctiil  *ho'w*?d  that  IM  UixynriXj  fA  ^a**-«-  j/rer^/o^ly 
uniiqueted.  "ir^rr-r 'Tij -iV  >  '  f  :*e--.r-A'  .r.to  a  vj^nA  -tat^.  Ca*,ietet  ^ab;**/t>3'J  ifA^*^4  t^/ a 
pre>-ure  of  ^^-.crAi  L-.:.  ireii  *t:i.  '-j'r.^rT*?*  in  th.n  giAJ»-4  ir^ij*^  *./,  i.>  ;  r^  th^rr*  *ji0.\^ 
the  compre^-^i  *•!.-  *.-  f*--  i-  j»-^;h>:  by  *»srroTar>i-ri/  .t  with  «.  Ui>:*ri\:,'^^  u..x\nt*:\  a 
cock  Tra*  tLrr.  r*; :  Lij  \*rz.*A  *  r  t>-^  'y»it>t  rf  T:.*^fnry  U.ru  th*  \Qij*:  *j/x.\j^:.h.ji  \t^.  /a*, 
which  <^>:*?>*<ia*i.tl7  rAf.i.r  kr.  i  --ir-..v's*lT  *-Tfaf.d^.  Tr..^  r»j/s.d  *ri|>*f.*^/r.  'A  \t^  /«« 
would  pr.4c;e  £z*ri.'  •  .'.\.  ^-;-t  t*  ':>:  r*pd  <:r.nif-r*-**y,T,  <A  «  ^A..**rTo.T*'*  t^^*.  AtA  *JUt*^rA 
a  ri-i*-  in  t^e-iiij-frrAt-irr.  T..  -  11  ■«*-  pr''/^'3'**i  at  tf>-  *^j^r.'»^  of  tf.#r  /a^  ,*-^.f.  ?/>/  .r> 
rapidly  *-xi^A:.--L:.i  ::-  j  •--.--.l'--.  »*»•:  .'...t  4r>T  v^  *>,f-i^,rr/  f-*=«t  fr'.r.'.  U^  W4il«  '/  twt 
tube,  aad  iz;  crj(..jL£  a  jr.r.^^c    f  ti>r  *-Tp«iwi.£;r  ;fa*  wa*  tr«r,«ioTZ&iA^  ;TiV/  l^ftiA.     Tnw 
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fo^,  hydrogen  in  expanding  forms  a  fog^  thus  ijidicatiiig  its  passage  into 
a  liiiuid  state.  But  as  yet  it  has  been  im|x>ssible  to  preserve  this 
lintiid,  even  for  a  short  time,  to  determine  its  properties,  notwithstanding 
the  employment  of  a  temperature  of  —200^  and  a  pressure  of  '200  atmo- 
sphere.Sj'''*  although  by  these  means  the  gases  of  the  atmosphere  may  be 
kept  in  a  li«|uid  state  for  a  long  time.  This  is  naturally  dependent 
on  the  fact  that  the  absolute  boiling  point  of  hydrogen  lies  lower  than 
that  of  all  other  known  gases^  which  is  related  to  the  extreme  lightness 
of  hydrogen/*' 


was  fteenfrom  tlie  fonnation  of  cloud-like  drops,  likt?  a  fog,  whivh  reiid«?r»;il  thtj  gatiOi^qO 
TbuH  CaiOetet  proved  tlie  [WHsibilitj'  of  the  Hquefaetion  of  gfts<?s  ''Ut  lie  did  not  inolttUs 
ike  lirjuidii,.  Thff  iiietliod  of  Cuilk^UH  lillowti  the  ptiHj^age  of 
gai^ti  ititcj  liquitis  be iijg  ol)*K?nieJ  with  Renter  fiunlity  aiid 
ftimplitity  than  Pictttt'i*  metUml,  which  rtjqtjirea  a  very 
compheated  and  expensive  ft[}prtratw«. 

Thu  methods  of  Pictet  anti  Cailk-tet  were  aftem'ardi^ 
improved  l>y  OIbzowhIcI,  Wroblewftki,  Devrar,  and  others. 
In  {srder  to  cibtain  a  siiil  lowtiT  temp4*i"aturt*  they  muployed 
litjuid  ethylene  or  nitrogen  iiintead  of  carbonic  acid  g&a^ 
whose  evajKiration  at  hnv  preBsuret*  prmluceH  a  much  lower 
temfj^riiturf  {to  —  *iOO-).  They  also  improved  on  the 
niethixl:^  of  determining  fiutdi  low  t^mpe  rat  lire  s^  but  the 
luethodii  were  not  eHNeutially  altered  ;  th&y  obtained  aitro- 
gen  and  oxygen  in  a  Hquid,  and  tiitrogeu  even  iii  a  BoUd« 
Htate,  but  no  one  hat^  yet  HUcctieded  in  fieeiug  hydrogeii  iin 
a  liquid  form. 

^  The  investigations  of  C  Wroblewski  in  Cracow 
clearly  proved  that  Pictet  could  not  have  obtained  liquid 
hydrogen  in  the  interior  of  hm  apparatus,  and  that  if  he 
did  obtain  it^  it  could  only  have  been  at  the  inometit  of  ttn 
jjtitniHh  ilufc^  t.o  the  fall  in  tem|>eratiirc  following  itw  »\4d- 
diMi  cxpan^^ion,  Pictet  cithmlated  that  he  obtained  a  t*»m- 
perature  of-  140",  but  in  retiJity  it  hiirdly  fell  beluw  -  120^, 
judging  from  the  latest  data  h»r  the  vaporisation  of  car- 
Ijonic  anhydride  mider  low  pre»HUre.  The  difference  hes 
in  the  method  of  dctt*nniuhig  low  temperatureB.  Judging 
from  other  pro|M3rtieB  of  hydrogen  {ste  Note  iJ4),  one  would 
thijik  that  its  absolute  boiling  (mint  lies  far  below  - 120*, 
and  e^ea  -  lUf  (accorditig  to  the  calculation  of  Barrau,  on 
the  ba«iaof  its  coraprefteibility,  at  -174^>  But  ev<fnat— 300*^ 
(if  the  nicthrKlft  of  detemiiniug  »uch  low  temiJeraturcH  bo  correct)  hydrogen  doen  not  give 
a  liquid  even  under  a  preHHure  of  several  hundred  atmosphcreB,  However,  on  expan- 
iiion  a  fog  i»  formed  and  a  litjuid  etate  attained,  but  the  liquid  doen  not  separate, 

^*  After  the  conception  of  the  nbfKilute  temi>eraturo  of  ebullition  {fc,  note  2fl)  had 
been  worked  out  (about  IhTtJUand  its  connection  with  the  dtniationfi  from  Mariotte'ia  law 
had  become  evident »  and  eHf>ecially  after  the  liqucftution  of  pennanent  g&ies,  geneT»l 
attentioa  wan  turned  tu  the  development  of  the  fiind*unental  conceptioni*  of  Ihe  gii«eoQ8 
and  licjuid  »tate«  of  matter.  Soute  inveatigators  directed  their  energies  to  the  further 
study  of  vapourH  I  for  instance,  Ram»fty  and  Youngj^  gafies  (for  instance^  Amagat),  and 
liquids  (for  intitance.  Zaencheffwky*  NaideBchdin,  and  otheri*),  ei*iwoially  to  bquids  near  tv 
Mid  pc ;  otheri*  ifor  instance,  KonovaloiT  and  De  Haen)  endeavoured  to  discover  the  rela- 
tion between  liquid*  under  ordinary'  conditions  (removed  from  te  and  j>c)  and  gMea^ 
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Although  a   substance  wbicb  passes   with   great  difficultj   into  a 
liquid  state  by  the  action  of  physico- mechanical  forces^  hydiTigen  losew 

while  A  third  cJa«e  of  iuvefiti^atoi-B  (Y&n  der  Wa^k^  Clausiua,  liiid  other»^  stajriitig  from  the 
Already  geueruJly-ticceiit^d  principles  of  the  iDechauiciil  theory  of  ht?at  and  the  kinetic 
iUf^ory  of  ^nru^en,  fkiid  having  made  the  Niflf-evident  [jru|>ofc<itioii  ot  the  existence  iu  gAue& 
of  thQii«  forced  which  clearly  act  in  iiquid^^decluc^d  the  vouMectiou  between  the pro].)erti6ift 
of  one  and  the  other.  It  wouhl  he  oat  of  place  in  an  elemeuiury  haiidbtK^tk  hke  the 
|»re(»eut  to  enunciate  the  whole  muHh  of  coneluKion^  arrived  at  by  thisii  method,  but  it  m 
necefrnaiy  to  give  an  idea  of  tlte  results  of  Van  der  Waulti'  consideratioiiR,  for  they  explain 
the  gradual  uninterrupted  pa(>sage  front  a  hquid  into  a  gaseous  Htate  in  the  nimplcbt 
form,  and,  although  the  deduction  caunoi  be  conoidered  a^*  complete  and  decimve  (*?* 
note  25JI,  nevertheleeiH  it  penetrate*  so  deeply  into  the  eji&ence  of  the  matter  that  ita 
sij^niJication  is  not  only  reflected  in  a  great  numher  mf  phynieal  inveBtigatiouR,  but  also  in 
Ihe  province  of  chemi»try,  where  iin»taucei»  of  the  pannage  of  tiubt^tanceji  from  a  ga^eoUfi 
lo  a  liquid  Htate  are  ho  C(«uimoii,  and  where  the  very  processes  of  diiii^oeiationf  decomposi- 
tion, and  cotiibiimtion  njUKt  be  identitied  with  a  change  of  pbyijical  titate  of  the  [lartici- 
pating  ttubHtancee, 

For  a  (jit^^en  quantity  {weif^hifmA^Bf  of  a  definiU  irw6«^tinc^|  its  state  b  expreeeed 
by  three  variables-  volume  t\  pressure  (elasticity,  tent^ion)  _p,  and  temperature  t, 
Alihoagh  the  compresbibility— {i^,,  d{v}d{^)] — of  liquids  h  small,  still  it  i»  clearly  ex- 
l»reBBed|  and  variei^  not  only  with  the  nature  of  liquidt*  but  also  with  their  pressure  and 
temper«tar«  (^at  tc  the  compresiiibihty  of  liij|Uidti  in  very  eonuideruble).  Although  ganes, 
accx»rdiug  to  Mariutte'»  taw,  with  dmall  variationi.  of  pre^fiure,  are  uniformly  eompresiied, 
nerertheleae  the  dependence  of  their  volume  v  on  t  and  /*  u  very  complex.  Tbe  same 
apfdiea  to  Uie  eoeftieient  of  exiMuisiou  L=^<(/(i')t/(f),  or  d{p}d\t}^,  which  alM>  varies  with 
I  and/),  both  for  gatieK  (aec  Note  2(5.1,  auid  for  ht;|uidii  (at  tc  it  it>  very  eou^iderable,  and 
often  exceed*  that  of  gai^et^  0'0(jatS7).  Hence  the  equatiou  of  atutt-  muut  include  three 
\pmable^— fr,,  p,  and  t.  For  a  so-called  j^erfett  lideal)  gftri,  or  for  inconsiderable  variation 
of  density,  the  elementary  erpretision  jn*  =  Iia{t  ~  at K  or  jiv  —  H  (27U-h<;  tihould  be 
accepted,  where  iif  ia  a  conNtant  varjing  with  the  masH  tmd  nature  of  a  gas^i^H  exprettaing 
thia  dependence,  because  it  includes  in  itself  the  l&w^  of  Gaj'-LuH^ac  and  Mariotte,  for  at 
a  constant  pressnre  the  volume  varicH  projiortionally  to  1  i-a/,  and  when  t  in  confttant 
the  product  of  tv  is  con^ttmt.     In  itts  (simplest  form  the  equation  may  be  expreei^ed  ilma: 

pv^BT; 
where  T  denotes  what  i^  termed  the  ahsolute  temperatorcp  or  the  ordinary  teuiperatore 
+  27a—  that  is,  T  =  f  +  273. 

Starting  from  the  t>up|>OHition  of  the  existence  of  an  attraction  or  internal  prefigure 
(expresaed  by  a)  propurtional  to  the  square  of  the  deuHity  (or  inversely  projxtrtional  to 
the  square  of  the  volume),  and  of  the  existence  of  a  volume  or  length  of  path  ^expreased 
by  6)  of  gaaeou«  moleculesi,  Van  der  Waalb  gives  for  gai&ett  the  following  more  complex 
^uation  of  iitaite : — 

{p+  *  )  ( t^ - 6 ) - 1  -►  00OJJ(i7f ; 

if  at  0°  under  a  preaHurej^^  1  (for  instance,  under  the  atmospheric  preB&ure),  the  volume 
(for  intftance,  a  litre)  of  a  g&A  or  vapiour  be  taken  as  l,aud  therefore  i»aud  b  be  expressed 
by  thifl  wme  units  as/>  and  a.  Tlie  deviationft  from  both  the  laws  of  Harioite  and  Gay* 
LuBMc  are  expressed  by  the  above  equation.  Thus,  for  hydrogen  a  must  he  taken  a« 
infinitely  small,  and  &  —  0'O(>0!^  judging  by  the  data  for  llHJO  and  350Q  metres  pressure 
(Hole  2H).  For  other  permanent  gaeea,  for  which  (Kote  tin)  1  showed  (about  1»70)  from 
llgnault't  and  Natterer'ii  data,  a  decrement  oi  pL\  followed  by  an  increment,  which  was 
'  OOnfirmed  (about  IHHO)  by  frenh  determinations  made  by  Amagat,  this  phenomena  may 
h^  expressed  in  defitiite  magnitudeis  of  a  and  h  (although  Van  der  Waals*  formula  is  not 
Applicable  for  minimum  pressures)  with  sufficient  accuracy  for  contemporary  reqiiixe- 
tneiiU.    It  ii  evident  that  Van  der  Waals'  formula  can  also  expresa  the  difference  of  the 
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its  gaseous  stfite  (tliat  is,  its  elasticity,  or  tlie  physical  energy  of  it 
molecules,  or  their  rapid  progressive  movement)  with  comparative  eaa 


ct3«fHt.neiitN  tft  expaiiBioii  of  ^^en  w*ith   a  ohaiige  of  preB*itire,  atitl  neccirdiiig  to  the" 
mullKKlH  of  dijitentiiniitioti  (Note  SB).     Besides  this,  Van  der  Wiuil»'  fomiula  AhoHR  that 

Jit   temperatiireii  «il>ove  273  f    *!  ~  ^  )    ^^h  ^^^   a-ctiiiil  volume  (gaiieoud)  h  pOHsililt;, 

whiliit  ttt  lower  tefiiperatufeR,  by  varj'iugf  the  prtsistiife^  three  differeut  volnm«B — Hquidf 
giiaeouK,  and  pitrtly  liquid  fntrtly  autunvtetl-vaiinrniijs' — are  pciHt^ible.    It  is  evideTut  tbj 

the  iibovt!  tt3mperature  is  the  nhHolute  bniling  ptjiitit — that  is,  (tt)  =  278  (    — ^  ~  1  J  ^     ^^ 

tumnl  under  the  condition  that  all  throe  |H>«iBible  volumes  (the  three  roots  of  V*ui  c3 
Waal»'  cubic  oquiition)  ure  then  similar  and  »xjual  {vc~dh).     Tlie  pre^iftui'e  in  this  ci 


ip')-,;,. 


These  ratios  between  the  LiHtHtants  a  and  b  and  the  conditiouM  of  cHlical 


atat^ — I.U,  {(c)  and  (pc) — give  the  poaiHiibility  of  deteniiiiiing  the  one  Tniiguitude  from  the 
fithor.  TliUB  for  ether  (Note  20 1,  ( tc) *  Itta^,  itp) -* 40,  from  whence  a  =  00307,  b  =  om)5Ha 
From  whence {rr)^ UOIO.  Tlnit  ma»»  of  ether  which  at  a  prest^ure  of  one  atmoaph*ire  d 
O  ocLupieH  one  volume — for  instance,  a  litre — oecupiesi,  neturdiiigto  thottlxne-nifiitionefl 
ronditioti,  tliin  critical  volume.  And  ilh  the  deiinity  rjf  the  vajiour  of  ether  compared  with 
hyt!m^on  =  iJ7,  and  a  litre  of  hydnrtgen  at  0'-  and  under  the  atmospheric  preiihure  wei||j;hy 
lVOHt*tl  jfrivmSt  then  a  litre  of  tether  vapour  weighs  3'H2  grams;  therefore,  in  a  critical 
fttiite  (at  198"^  and  iO  atnio&pheref*),  ;VS2  grama  occupy  OHIO  litres,  or  ItV  t.c.;  therefore  1 
gram  occupies  a  volume  of  about  r»  c.c.,an(l  the  weight  of  1  c.cof  ether  will  then  be  Oilij 
According  to  the  inveHtigationii  of  Ramsay  and  YoungllHH7|,  the  critical  volume  of  eth 
wa«i  approximately  such  at  about  the  absolute  boiliuj?  point,  but  the  compressibility 
the  hquid  ia  my  gi'eat  that  the  idigliteHt  change  of  preeaure  or  temperature  acts  consider* 
ahly  Oil  the  volume.  But  the  inventigations  of  the  above  suvrtnt-i  gave  another  indireol 
dcmonwtratiau  of  tiietrne  cumpoKitimi  of  Van  der  Wiuil^'  e<j;uati*fn.  They  alsti  found  ft 
ether  that  the  iHochordH,  or  tlie  lines  of  equal  volume:^,  are  generally  straight  lines  if  the 
teniperaturert  and  pressures  vary.  For  innlnncet  the  volume  of  10  c,c.  for  1  gram  of  ether 
corre8|K)nd8  with  prertsure»  (exprcKstMl  in  metres  of  niertury)  equal  to  (illt5/  — 8 '3  (for 
instance,  at  180'^  and  21  metres  pre(i«are,  at  2M0°  and  84'5  nietrei*  preftHure^  The  recti- 
linear form  of  the  iaochord  (tlien  «  =  ft  eonfitant  quantity)  is  a  direct  rewult  of  Van  der 
Waalft'  fonimla. 

Wlien,  in  IHmi,  I  demonstrated  that  the  ei>ecifie  gravity  of  liquids  decrease!*  in  proi>or- 
tinn  to  the  rine  of  tempt-rature  [S|P  =  S,>  — K^  or  8(r  =  S,,  iI-KM,  or  that  the  volumes 
increase  in  inverse  propirtion  to  the  binomial  1  -  K^  that  is,  Vf  =  V,.  (1  — K0~\  where  K 
iu  the  mfxlulius  of  expauHion^  which  varies  with  the  nature  of  the  liquid  (an  exactitude  of 
the  sarue  kind  ati  that  by  which  for  gaseu  the  s-olumeK  increase  proportionately  to  the 
binomial  l-raf),  then,  in  general,  not  only  doe h  a  connection  urine  between  gawes  and 
liquids  Willi  TeHi>t^ct  to  a  change  of  vohmie.  hut  also  it  would  apja^ar  poBsible*  by  availing 
oneself  of  \'an  der  Waals'  fnniiula,  to  judge,  from  the  phenomena  of  the  expansion  of 
liquidity  a<t  to  their  transition  into  vrt]tour.  and  to  connect  Uigether  all  the  print ipal  pro- 
pertie?*of  liijuids,  which  np  to  thih  time  had  not  l>een  considered  to  be  in  direct  depr^ndenee. 
Thus  Thorpe  and  Hlkker  found  that  2(fr>  +273=  IK,  where  K  is  the  moduluN  i^f  expan- 
sion  in  the  above- mentioned  formulrt.  For  example,  the  (-xpunsinn  of  ether  i«  expreshied 
with  saflicicnt  accuracy  from  0  to  100^  by  the  equation  8^^0  7811  (1  — 00Ol540t  t'r  V* 
-1  (1  -  0'OtH54^^  wherp  n'(>l)ir»4  in  the  raodnJusof  expansion,  and  therefore  {/c)*slH8-,  or 
by  direct  obftervatiori  103^.  For  «iHci>n  tetrachloride,  BiClj,  the  nimlnhiH  equals  «V'0013<^, 
frnra  whence  (7r)  =  231"%  and  by  exjieriinent  2S(P.  On  the  other  hand,  D^  P.  Konovoloff, 
admitting  that  the  extenitil  pressure/*  in  liquids  is  insignitiean^t  when  compared  with  the 
internal  (n  in  Van  der  Waals'  fonnnla),  and  that  the  work  in  the  expiuisiou  of  liquids  is 
proportional  to  their  temperature  (Via  in  gasei*),  directly  deduced,  from  Van  der  Waal^* 
formula,  tlie  above- mentionwl  furmula  for  the  expansion  of  liquids,  V,^  1    (l  —  Kf),  and 
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under  the  influence  of  chemical  attraction,^''  which  is  not  only  shown 
from  the  fact  that  hydrogen  and  oxygen  (two  permanent  ga-ses)  form 
liquid  water,  but  also  from  many  phenomena  of  the  absorption  of 
hydrogen. 

Hydrogen  is  vigorously  condensed  by  certain  solids  ;  for  example, 
by  charcoal  and  by  spongy  platinum.  If  a  piece  of  freshly -ignited  char- 
coal be  introduced  into  a  cylinder  full  of  hydrogen  standing  in  a 
mercury  bath,  then  the  charcoal  absorbs  as  much  as  twice  its  volume 
of  hydrogen  Spongy  platinum  condenses  still  more  hydrogen.  But 
palladium,  a  grey  met-il  which  occurs  with  platinum,  absorbs  more 
hydrogen  than  any  other  metal.  Graham  showed  that  when  huAied  to 
a  red  heat  and  cooled  in  an  atmosphere  of  hydrogen,  palladium  retAins 
as  much  as  600  volumes  of  hydrogen.  When  once  absorljed  it  retains 
the  hycbt)gen  at  the  ordinary  temperature,  and  only  parts  with  it  when 
heated  to  a  red  heat.^^'  This  capacity  of  certain  dense  metals  for  the 
absorption  of  hydrogen  explains  the  property  of  hydrogen  of  passing 
through    metallic   tuljes.^'      It  is    termed    occlturum,  and    presents   a 

also  the  magnitade  of  the  latent  heat  of  evaporation,  cohefiion,  anrl  coin|/re«»Hibnity  under 
pressure.  In  this  way  Van  der  Waalft*  formula  embraeefi  the  f^aiie^'/Ufi,  criticral,  and  lujuid 
states  of  ftobstances.  and  shows  the  connection  between  them.  On  thi»  account,  althrnifch 
Van  der  Waals*  formula  cannot  be  considerwl  af»  i»erf*'Ctly  K^^neral  and  accrurate,  yet  it  ia 
not  only  very  much  more  exact  thATi  pr^JiT  but  in  alMO  more  crrniprehennire,  \tt*4tiums 
it  applies  to  both  pases  and  liquid*^.  Further  reiiearch  will  naturally  jpre  furth^T  pr</x- 
tmity  to  tmtk,  and  will  show  the  conneition  l^etween  crrnifH^ition  an/l  the  coristania 
(a  and  6>;  but  a  great  scientific  progre^H  in  tteen  in  thin  form  of  th^;  er|nati//n  of 
aUte. 

Claosins  >in  l*vi()  .  taking  into  con<>ideration  the  rariability  of  a,  in  Van  der  Waal*' 
formula,  with  the  temj^rature.  gave  the  following  efituktifm  (A  Htate : — 

(^-r,r''-,.0>-*-*r. 

Sarrao  applied  this  fomiaLfc  :•.  Amagat'?.  data  if  ft  hj*irf/i(en,  and  f//nnd  /z»frO&J^l, 
c=  —  CrOi>i>43.  i  =  0-0<>:»<f.ar.d  tiierefore  calculated  it*  aik^kfAaU:  Ijoiling  p^/int  aA  —174'.  and 
{j>c>~9(jf  atiry>5pheres.  Bu:  a*  •imilAr  calc^Iati/^^^  ir>r  oiyg^m  '  105  •,  nitrr^nn  «  -  IW';, 
and  mar-h  ga*  - 1^/  gave  ?/•  higher  than  it  r*^Iy  ;*.  therefore  tlie  Mi/^AaUa  h^AIing  pfAnt 
of  hydrogen  zna-sl  lie  bel/^.w       X74  . 

^  TLL-*  and  a  camber  of  *;ir.rLfcr  caAe^  clearly  ^hz/W  hf/w  greaU  are  th*  int/^mal 
chemical  icnxA  r.oiapared  ■n.z'c.  f  f.Tv.cai  ard  ra^:hariw::al  f^/rce^, 

*  The  capMT.ST  r,*  |^tIL*«ilGz:i  ir  ab^irb  hydr<^/SfeTi.  ^r^d  ir*  */,  d^Wxtg  U»  ir^rea**  in 
Tohnce.  r&ay.k*  eaaCy  der::;.  r.At:r*s^  by  lakir.g  a  *^iAi^  of  fioliad.rim  Tarr^.^r^^  on  />»* 
side,  ai^  o*ir:^  fl  k^  k  ca:!..  *ie.  The  hydrc^^rn  irhich  »«  erol^ed  by  ih*  *<:f.^**  of  iK* 
cnrrenS  i*  r*^a*::.«*i  c.-*  tiLe  i...-  Krr..^k^d  *arf*re.  *.j(  *  ron^i^irieiw^  fj(  wh./.iti  ti^e  4ir.Aet  ^:nriM 
op.  By  atsar.t:r:g  &  p*-.:r.:e.*  f.  ?  .r.*«AEW^,  »i  'j-;.!:  V>  tr.e  eT*d  '^if  sir^-  k'e.*^,  tb.*  r^<;n/i.(^ 
effect  i.*  ret^iertd  4Cr.xij::.g>  *- >ii»:n^  fcx^  oc  r-^-*rr«.r.g  tr.^  (-^rrent  wr.en  OTriger.  »..i  ^^ 
erolred  *t*i  '.rxzj.jzjk  ir-^c  \cjt  ir.*^,rt^  hji-'^^^vri.  f/.rr.'..f.g  wkfter  »S  rr^y  V.e  4lr./>fl»r.  llr.at 
OD  k*ir:;g  tc*  'tyirog*-  ',£.*.  r»LI-fcd.Gj=.  r*:rA-..-.-  .r*  o-.-.^.r.Ai  t',rz:. 
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siiniliir  phenoniPuon  to  solution  ;  it  is  based  on  tlie  capacity  of  metals 
of  forminji  unsta^il©  easily  dissociating  compountls^^  with  hydrogen 
siiriilar  to  those  which  suits  form  with  water* 

At  the  ordinary  tern  [jera  tint?  hytlrogen  very  feebly  and  rrirely  enters 
into  csheini<?al  reaction.  The  capacity  of  gaseous  hydrogen  for  reaction 
becomes  evident  only  under  a  change  of  circumstances — by  compression, 
heating,  or  the  action  of  light,  or  at  the  nionientof  its  evolution.  How- 
e\*er,  undei'  these  ci re u distances  it  cftmbine.9  rHrectly  with  oidy  a  yt^vy 
few  of  the  elements,  Hy<liif>gen  combines  diwctly  with  oxygen,  sulpbur, 
carbon,  potassium,  and  certain  other  elements^  but  it  does  not  combine 
directly  with  eitlier  tlie  majority  of  the  metals  or  with  nitrogen,  phos- 
phorus, itc.  Compounds  of  hydrogen  with  c€*rtain  elements  on  which 
it  does  not  act  directly  are  however,  known  ;  they  ai'e  not  obtained  by 
a  flirect  method,  but  liy  reactiorns  « >f  decomposition,  or  of  rlouble  fleconi- 
position,  of  other  hydrogen  compounds.  The  property  of  hyflrogeii  of 
combining  with  oxygen  at  a  red  heat  fleteniiines  its  etunbustibility. 
We  have  already  seen  that  hydragen  easily  takes  fire,  and  that  it  then 

on  their  cx|mnBion,  broa^ht  about  by  beat,  and  ptovpH  tbrtt  int* tals  mid  allovEi  have  a 
certain  porosity.*  However.  Graham  proved  that  it  in  only  hydrogen  which  is  cnpahle  of 
passing  tlfirough  the  above- n aimed  inetnU  in  thifi  manner.  Oacygen,  nitro^'en.  ammonift, 
and  many  other  ^sei:^  only  ptrmeate  throiigh  in  c^xtremely  minute  quftntitiew.  Grahani 
filiowed  timt  *t  a  red  heat  about  TiOO  c.c.  of  hydrogen  pa«H  fK?r  minute  tliTough  a  wnrfaoe 
of  GUB  aqnure  fneire  of  jilatiniini  I'l  mm.  tlnclt^  bnt  that  uitb  other  ^iiAefi  the  aniotint 
timniimitted  i»  hftrrlly  perofptible.  Indiarnbber  bus  the  sain*--  raiwvcity  h>r  allnwmg  the 
Iranitferenee  of  hydrogen  thnnngh  its  Hub^taneH  iAr*'  Chiip.  IITj,  but  at  t\w  ordinary  tem- 
perntnrpi  one  Hqnare  mtjtre*  0  014  mm.  thiek,  transmits  only  127  t.o.  of  hydrogen  p«r 
minute.  In  the  experiment  on  the  dflcomjmHition  of  wat<>T  liy  h<*at  in  |wroiis  tubes,  the 
clay  tnbe  tnay  be  ex(:hanged  for  ft  platinum  one  with  iwlvaiitHi***.  GruJiam  Hbowed  that 
by  placing  a  jdatinnm  tube  containing:  hydrogen  under  thene  rtmdilionfi^  and  Hwrrounding 
it  by  a  tube  containing  air,  th**  trannference  of  the  hydrogen  nniy  be  obHened  by  the 
decreikie  of  preH«ure  in  the  platinum  tube.  In  one  hour  almoHt  all  the  hydrogen  fl>7  p.c.) 
hmdk  ptuised  fr<^nn  the  tnl>e,  withont  beinjr  replaced  by  air.  It  i«  evident  that  the  ortluHion 
i^d  pa«iiaf;e  of  hydrogen  thrnngb  raetftln  rni^ahlo  of  occludinjf  it  ana  not  only  intimately 
COimectfid  together,  but  are  dni>PTKlent  nn  the  capfteily  of  metaln  tf>  form  compnunda  of 
variotjfl  fIcs;reeH  of  stability  witb  hydrogen — lilfe  BaltK  with  water. 

^*  Palladium^  hh  it  appeared  nn  further  inve«itipation,  gives  a  definite  fompound, 
PdjH  (nrr  furtberl  with  hydrogen ;  bnt  what  was  mn^t  iuHtmctive  was  the  invei^tigULtion 
of  ftodiom  hydride,  Na^H,  which  clearlv  fthowed  that  the  origin  rtod  properties  of  «utb 
componndfl  nre  in  entire  accordance  with  th<?  cnnceptinuHof  dinRocifttion,  In  the  chApter 
devoted  to  sodinro  we  nbidl  th»^refore  speak  more  fully  of  this  substance. 

Being  a  gas*  which  i'^  difficult  to  cnndf»nt*i\  hydrogen  in  little  nolnble  in  wat*ir  and 
otliMl"  liqnidft.  At  0'^  ii  hundred  vohimes  of  water  dinsolve  I'i)  volnmeK  nt  hydrf>gei>,  and 
alcobo)  ft'f»  vnliuneR  moaRured  at  ft^  and  7flO  mnij.  Molten  iron  abworbtt  hydrogen,  hut  in 
Holidifying,  it  estftelw  it.  The  solution  of  hydrogen  by  metftls  \h  to  a  certain  degree 
ba«ed  on  it«  rilflnity  for  metivlw,  and  must  be  likeritM:!  ia  the  Hiolutinti  of  metalH  in  mercury 
and  to  the  forrafttion  of  alloys.  Tn  its  chemical  projiiertieH  hydrngen,  n^  we  *ihftll  pee 
biter,  Inm  mnrb  of  a  metallic  charftcter,  Pi^^tct  (^rr  Note  8l|  even  affirma  that  btjtiid 
bydrogpn  has  metallic  properties.  The  niet^dlir-  [iro]>ertieh  of  hydrfjgrn  ure  a  Inn  evinced 
in  the  (act  that  it  i«  a  good  conduct^ir  of  heat,  which  ih  not  the  caHe  with  other  gOAcs 
(Mftgnuii). 
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bums  with  a  pale — that  is,  non-luminous — flame.'^  Hydrogen  does  not 
combine  with  the  oxygen  of  the  atmosphere  at  the  ordinary  tempe- 
rature ;  but  this  combination  takes  place  at  a  red  heat,^®  and  is  accom- 
panied by  the  evolution  of  much  heat.  The  product  of  this  combination 
is  water — that  is,  a  compound  of  oxygen  and  hydrogen.  This  is  .the 
synthesis  of  watery  and  we  have  already  noticed  its  analysis  or  decom- 
position into  its  component  parts.  The  synthesis  of  wat^r  may  be  very 
easily  observed  if  a  cold  glass  bell  jar  be  placed  over  a  burning  hydrogen 
flame,  and,  l)etter  still,  if  the  hydrogen  flame  be  lighted  in  the  tube  of 
a  condenser.  The  water  will  condense  in  drops  as  it  is  formed  on  the 
walls  of  the  condenser  and  trickle  down.^* 

Light  does  not  aid  the  combination  of  hydrogen  and  oxygen,  so 
that  a  mixture  of  these  two  gases  does  not  change  when  exposed  to  the 
action  of  light ;  but  an  electric  spark  acts  just  like  a  flame,  and  this  is 
taken  advantage  of  for  inflaming  a  mixture  of  oxygen  and  hydrogen,  or 
detonating  gas,  inside  a  vessel,  as  will  be  explained  in  the  following 
chapters.  As  hydrogen  (and  oxygen  also)  is  condensed  by  spongy 
platinum,  by  which  a  rise  of  temperature  ensues,  and  as  platinum  acts 
by  contact  (p.  38),  therefore  hydrogen  also  combines  with  oxygen, 
under  the  influence  of  platinum,  as  Dobereiner  showed.  If  spongy 
platinum  be  thrown  into  a  mixture  of  hydrogen  and  oxygen,  an  explo- 
sion takes  place.  If  a  mixture  of  the  gases  be  passed  over  spongy 
platinum,  combination  also  ensues,  and  the  platinum  becomes  re<i-hot.^* 

5®  If  it  be  desired  to  obtain  a  perfectly  colourless  hydrogen  flame,  it  must  issue  from 
a  platinum  nozzle,  as  the  glass  end  of  a  gas-conducting  tube  imparts  a  yellow  tint  to  the 
flame,  owing  to  the  presence  of  sodium  in  the  glass. 

*°  Let  us  imagine  that  a  stream  of  hydrogen  passes  along  a  tube,  and  let  us  mentally 
divide  this  stream  into  several  parts,  consecutively  passing  out  from  the  orifice  of  the 
tube.  The  first  part  is  lighted — that  is,  brought  to  a  state  of  incandescence,  in  which 
state  it  combines  with  the  oxygen  of  the  atmosphere.  A  considerable  amount  of  heat  is 
evolved  in  the  combination.  The  heat  evolved  then,  so  to  say,  ignites  the  second  part  of 
hydrogen  coming  from  the  tube,  and,  therefore,  when  once  ignited,  the  hydrogen  con- 
tinues to  bum,  if  there  be  a  continual  supply  of  it,  and  if  the  atmosphere  in  which  it 
bums  be  unlimited  and  contains  oxygen. 

*^  The  combustibility  of  hydrogen  may  be  shown  by  the  direct  decomposition  of  water 
by  sodium.  If  a  pellet  of  sodium  be  thrown  into  a  cup  containing  water,  then  it  floats 
on  the  water  and  evolves  hydrogen,  which  may  be  lighted.  The  presence  of  sodium  imparts 
a  yellow  tint  to  the  flame.  If  potassium  be  taken,  the  hydrogen  bursts  into  flame  of 
itself,  because  sufficient  heat  is  evolved  in  the  reaction  for  the  ignition  and  inflammation 
of  the  hydrogen.  The  flame  is  rendered  violet  by  the  potassium.  If  sodium  be  thrown 
not  on  water,  but  on  an  acid,  it  will  evolve  more  heat,  and  the  hydrogen  will  then  also 
burst  into  flame.  These  experiments  must  be  carried  on  with  caution,  as  sometimes 
towards  the  end  a  mass  of  sodium  oxide  (Note  8)  is  produced,  and  flies  about ;  therefore 
it  is  best  to  cover  the  vessel  in  which  the  experiment  is  carried  on. 

*'^  This  property  of  spongy  platinum  is  made  use  of  in  the  so-called  hydrogen  cigar- 
light.  It  consists  of  a  glass  cylinder  or  beaker,  inside  which  there  is  a  small  leivd  stand 
(which  is  not  acted  on  by  sulphuric  acid),  on  which  a  piece  of  zinc  is  laid.  This  zinc  is 
covered  by  a  bell,  which  is  open  at  the  bottom  and  furnished  with  a  cock  at  the  top. 
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Altbougli  gaseous  hydrogen  does  not  act  directly'*  on  omny  sub-* 
sttmces,  yet  in  a  nmcent  state  reaction  often  tAkes  place.     Thu.s,  for 
instance,  water  on  which  soditini  amalgam  is  acting  (.contains  hydrogei^l 
in  a  nascent  state.     The  hydrogen  is  here  evolved  from  a  liquid,  anil  at-l 
the  first  moment  of  its  formatiuu  it  nmst  be  in  a  condensed  form. 


Btilpbtmu  acid  Ik  [Hnirecl  iiitn  tlie  ^[MLce  iMrttween  ih*:^  bell  urid  tiiB  Mhlas  of  tbti  outer  gltisn 
cyliuderj  m\d  will  tlins  comjjreHsi  the  ga.»  in  tlie  bell.     If  tbt?  cock  of  the  cyliinler  be 
opened  the  gaa  will  cficapei  hy  it,  and  will  \m  replmced  by  the  Orcid,  which,  coming  into 
eontAct  with  the  zinc,  evolves  bydfof^ent  and  it  will  encape  through  the  cock.     If  the 
cock  be  t'loM?d,  then  the  hydrogen  evolved  will  increae>e  the  preHsure  of  tJie  ijivs  in  the 
bell,  and  thus  again  force  the  acid  into  the  HpaM  between  the  bell  and  the  wall8  of  the 
outt*r  cylluden     Tbun  the  actiiHi  of  tbt?  acid  an  the  zinc  may  be  wtopped  or  started  ut 
will  by  oj^HJtiini*  or  tiViutling  the  cock,  and  eotiHequently  ei  strt^ain  of  hydrogen  may  bo  I 
nlwajft  turned  on.     Now»  if  a  piece  of  epoiijijy  platinum  hf  phiced  in  this  f^tretun,  the 
hydrogen  will  take  light,  because  the  epoTigj'  pliiliniim  l>econn?K  h<vfc  in  LvnidenHing  the 
hydrogen  and  inf!aiueKit.     The  considenible  ritiein  tt'inperaturiMtf  the  pUtinuindepeiidii^ j 
among  other  things,  on  the  fact  that  the  liydrogen  condcji^ed  in  its  poren  com^s  into  ] 
contact  with  previously  absorbed  anrl  condeut^Mi  atmospheric  oxygen,  with  which  bydrogen  J 
combint^A  with  tp"eftt  facility  in  thin  fonn.     In  thJH  nnuiner  the  hydrogen  cigardight  given  I 
a  stream  of  burning?  hydrogen  when   tbv  citck  i«  open.     In  order  that  it  ftbould  work  ( 
regularly  it  ih  uecertHiiry  tbut  tlte  s|K»ng3'  pliitinuin  wbontd  be  c[uiie  clean^  and  it  ii*  beJ^iJ 
enveloped  in  a  thin  nlieet  of  platinum  foil,  which  prjitect^  It  frrun  du«*t.     In  any  case,  [ 
After  ftome  time  it  will  be  nccewsary  t«*  nhnixi  the  platinnnt,  which  nniy  be  **uftily  done  hy  1 
boiling   it    in    nitric  acid,  whicli    does  not  dissolve  the   pbitinuiii,  hut  eleiu'H  it   of  allj 
dirt.     This  imiwrfection  has  given   ri«e   to  fteveral   other  forms,  in  which  an  eloctrio^ 
spaxk  ifl  made  to  pam  Iwifore  the  orifice  from  wliiclj  thii  hydrogen  e«capei4.     Thia 
fknrtin^ed  in  tkiich  a  manner  that  the   zinc  of   a  galvanic  element    IR   Immeraed  when  I 
the  coek  is  turned,  or  a  wnall  c^jiI  giving  a  tipark  is  put  intn  circuit  on  turning  th<> 
hydrogen  on. 

*'  Under  conditions  the  Hame  as  those  in  which  hydrogen  ctinibines  with  cjxygen  it  ia 
also  capable  of  condnning  with  ehloriue.  A  mixture  of  hydrogen  and  chlorine  explode*  , 
on  the  paKwige  nf  an  electric  «park  through  it,  or  on  conliu t  mtb  un  incHndescent  Rub- 
stance,  and  alfui  in  the  presence  of  Hixnigy  platinum-  hut^  besides  this,  the  jwtion  of  light 
idone  i«  enough  to  bring  alwut  the  combination  of  hydrogen  lUid  chlorine.  If  a  mixture 
of  ec^ua!  volnmen  of  hydrogen  and  chlorine  bo  exposed  to  the  action  of  Hunliglit,  com- 
plete condjinntion  rapidly  ensueft,  accoinpiiLnicdby  a  reivort.  Hydrogen  dt>eH  not  combine 
directly  with  carboui,  neither  at  the  ordinAry  teniiM,^mtnre  nor  by  the  a<  tion  of  heat  and 
preHffure,  But  if  an  electric  current  be  panned  thivmgh  coirbon  electrodes  at  a  fthort  1 
distance  from  each  other  (as  in  the  elecric  light  or  voltaic  arci,  sto  an  to  form  an  electric 
arc  in  which  the  particles  of  carbon  are  carried  frmm  one  pole  to  the  other,  then,  in  the 
interna  heat  to  whirh  the  carbon  i«  subjected  in  thi«  case,  it  ih  capable  of  combining 
with  liydrogen,  A  peculiar- smelling  gas*  culled  acetylene,  CjHrj,  in  thuB  formed  from 
carbon  and  hydrogen, 

"  There  \a  another  explanrdion  for  tlie  facility  of  the  i^eactions  wliicb  proceed  at  the 
moment  of  Heparntion.  We  shall  afterwardK  learn  that  the  innlecul©  of  hydrngen  containt 
two  atom«,  Hj,  but  there  are  elements  the  molecules  of  which  only  contain  one  ^tom — 
for  iufttance,  mercury.  Therefore^  every  reaction  of  ganeou^i  hydrogen  mu^t  be  accom- 
panied by  tlio  dirtHulution  of  that  bond  which  exiBt*  between  the  aLomx  fonning  a  mole- 
cule. At  the  moment  of  evolution,  however,  it  ih  suppOHed  that  free  atoms  exist,  and 
for  UuK  reason,  according  to  the  hypnthesist  act  energetically.  This  Ini^tothesiH  is  not 
borne  out  by  fivcti),  and  the  r<inception  ijf  hydrogen  being  eondenrsed  at  the  moment  of 
it«  evolution  ia  more  natural,  and  is,  in  accordance  with  the  fact  jXote  12)  that  com* 
prensed  hydrogen  dieiplaces  palladium  and  silver  (Brunner,  Beketoffj — that  i»«,  act*  os  ali 
the  moment  of  itB  evolution. 
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In  this  condensed  form  it  is  capable  of  reacting  on  Bubstftnce**  on  which 
it  does  not  act  in  a  gaseous  atat^.  There  is  a  very  intimate  and  evident 
mUtiuii  between  the  phenomena  which  take  place  in  the  action  of 
spong)'  platinum  and  the  phenomena  of  the  actiori  in  a  nascent  state, 
The  combination  of  hydrogen  with  ahlehyde  may  lie  taken  as  an  ex- 
ample. Aldehyde  is  a  volatile  liquid  with  an  aromatic  smell,  boiling  at 
2P,  soluble  in  water,  and  absorbing  oxygen  from  tlie  atnn^sphere,  and 
in  this  absorption  forming  acetic  ac:id — the  substante  which  is  found  in 
ordinaiy  vinegar*  If  sodium  amalgam  be  thrown  into  an  aqueous 
solution  of  aldehyde^  the  greater  part  of  the  hydrogen  evolved  combines 
with  the  aldehyde,  forming  alcohol — a  substance  which  is  also  soluble 
in  water,  which  forms  the  principle  of  all  spirituous  liquors,  boils  at  78^', 
and  which  contains  the  same  amount  of  oxygen  and  carbon  as  aldehyde, 
hut  more  hydrogen.  The  com  position  of  aldehyde  is  C\jH,0,  and  of 
alcohol  CjHfiO.  Reactions  of  substitution  or  displacement  of  metals 
by  hydrogen  at  the  moment  of  its  evolution  are  particularly  nume- 
rous.**^ 

Metals,  as  we  shall  afterwards  see,  are  in  many  cases  able  ui  replace 
each  other  ;  they  also,  and  in  some  cases  still  more  easily,  replace  and 
are  replaced  by  hydrogen.  We  liave  alretuly  seen  examples  of  this  in 
the  formation  of  hydrogen  fi*om  water,  sulphuric  acid,  ite.  In  all  these 
cases  the  metals  sodium,  iron,  or  xinc  displace  the  hydrogen  which  occurs 
in  these  compounds.  Hydrogen  may  be  displaced  from  many  of  its 
compounds  by  metals  by  exactly  the  same  method  as  it  ig  displaced 

^  When,  for  tnstani^e,  Aa  acid  and  tmc  are  added  to  a  i&tt  of  silrer,  Uicj  nilver  la 
redaced ;  but  tliia  nitty  be  explained  «»  a  reaciioa  of  the  zinc,  aiid  not  of  the  Ii3-dro|^on  mt 
the  moment  of  iti  eToIntion.  There  oro,  however^  exjimplefl  to  which  thin  explnimtmn 
la  vntirrly  ianpplicable ;  thu^,  fur  inattince,  hydrogeEi,  at  the  luometit  of  ilM  evolutinn^ 
Coaily  tak^eft  up  oxygen  from  itd  eompoundH  with  nitrogen  if  they  he  in  liohitioii,  »nd 
eonrertfr  the  nitrcigen  ilnto  it*  combination  with  hydrogen.  Here  the  nitrogen  and  hydrogen ^ 
my  to  ttpeokf  meet  At  the  tooment  of  their  eTolotion,  and  in  thin  fltate  combine  t<>getheT, 

It  i«  evident  from  this  that  the  elastic  ga«eotifi  fitate  of  hydrogen  fixed  the  limit  €st  iU 
energy :  hinders  it  from  entering  into  tlioue  combinations  of  which  it  i»  capable.  In  the 
na«ce»t  f^tate  we  have  hydrogen  which  ift  not  in  a  gaoeoni  st^iktef  and  itii  action  in  then 
moch  more  energetic.  Thia  ia  rendered  very  clear  from  the  conception  of  chemical 
ener^4  becatiw  the  procesfi  of  pacing  into  a  gaa  re<julreii  a  certain  amount  of  heat,  and 
ccmnvqnently  absorbs  a  certain  amount  of  work,  li  gaacouH  hydrrjgen  U  prriNlijced,  it 
ohowa  that  there  are  already  conditions  HiufUcient  for  the  tranKini««^ioii  rrf  heat  to  the 
hydrogen  errolved  in  order  to  convert  it  into  a  ^t^n.  It  ia  evident  at  the  moment  of  evo- 
latioo  that  heat,  which  woold  be  latent  in  the  gafieouH  hydrogen^  i»  tranamitt«d  to  ita 
moleetilem,  and  conBequently  they  are  in  a  ftt&te  of  potential,  and  can  h«ac«  act  on  many 
»tibetanoea« 

ti#i  aa  hare  renmrk  the  circnmatance,  which  will  1>e  clearly  andemtood  from  what  haw 
been  oaid  abore,  that  hydn^en  condensed  in  the  poren  of  certain  metaU,  Ukv  [mlUxdmm 
and  platinum*  acts  aa  a  redoeing  agent  on  many  aubalonceti.  It  will  aft*!rward«i  b« 
andemitiod  Uiat  eobttanceft  containing  much  hydrogirti,  ajid  toafly  parting  with  it,  can 
aloo  act  rigM?roiialy  in  ellecUDg  a  rednetioin. 

VOL.    I.  t 
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from  water ;  so,  for  example,  hydrochloric  acid,  which  is  formed 
directly  by  the  combination  of  hydrogen  with  chlorine,  gives  hydrogen 
by  the  action  of  a  great  many  metals,  just  as  sulphuric  acid  does. 
Potassium  and  sodium  also  displace  hydrogen  from  its  compounds  with 
nitrogen  ;  it  is  only  from  its  compounds  with  carbon  that  hydrogen  is 
not  displaced  by  metals.  Hydrogen,  in  its  turn,  is  able  to  replace 
metals  ;  this  is  accomplished  most  easily  on  heating,  and  with  those 
metals  which  do  not  themselves  displace  hydrogen.  If  hydrogen  be 
passed  over  the  compounds  of  many  metals  with  oxygen  at  a  red  heat, 
it  takes  up  the  oxygen  from  the  metals  and  displaces  them  just 
as  it  is  itself  displaced  by  metals.  If  hydrogen  be  passed  over  the 
compound  of  oxygen  with  copper  at  a  red  heat,  then  metallic  copper 
and  water  are  obtained — CuO-|-H2=HoO-|-Cu.  This  kind  of  double 
decomposition  is  called  reduction  with  respect  to  the  metal,  which  is 
thus  reduced  to  a  metallic  state  from  its  combination  with  oxygen. 
But  it  must  be  recollected  that  all  metals  do  not  displace  hydrogen 
from  its  compound  with  oxygen,  and,  conversely,  hydrogen  is  not  able 
to  displace  all  metals  from  their  compounds  with  oxygen  ;  thus  it  does 
not  displace  potassium,  calcium,  or  aluminium  from  their  compounds 
with  oxygen.  If  the  metals  be  arranged  in  the  following  series  : 
K,  Na,  Ca,  Al  .  .  .  .  Fe,  Zn,  Kg  ...  .  Cu,  Pb,  Ag,  Au,  then 
the  first  are  able  to  take  up  oxygen  from  water^that  is,  displace 
hydrogen — whilst  the  last  do  not  act  thus,  but  are,  on  the  contrary, 
reduced  by  hydrogen — that  is,  have,  as  is  said,  a  less  affinity  for 
oxygen  than  hydrogen,  whilst  potassium,  sodium,  calcium  have  more. 
This  is  also  expressed  by  the  amount  of  heat  evolved  in  the  act  of 
combination  with  oxygen,  and  is  shown  by  the  fact  that  potassium  and 
sodium  and  other  similar  metals  evolve  heat  in  decomposing  water ;  but 
copper,  silver,  and  the  like  do  not  do  this,  because  in  combining  with 
oxygen  they  evolve  less  heat  than  hydrogen  does,  and  therefore  it  hap- 
pens that  when  hydrogen  reduces  these  metals  heat  is  evolved.  Thus, 
for  example,  if  16  grams  of  oxygen  combine  with  copper,  38000  units  of 
heat  are  evolved ;  and  when  16  grams  of  oxygen  combine  with  hydrogen, 
forming  water,  69000  units  of  heat  are  evolved  ;  whilst  23  grams  of 
sodium,  in  combining  with  16  grams  of  oxygen,  evolve  100000  units  of 
iieat.  This  example  clearly  shows  that  chemical  reactions  which  pro- 
ceed directly  and  unaided  evolve  heat.  Sodium  decomposes  water  and 
hydrogen  reduces  copper,  because  they  are  pxothernial  reactions,  or 
those  which  evolve  heat  ;  copper  does  not  decompose  water,  because 
such  a  reaction  would  be  accompanied  by  an  absorption  (or  secretion) 
of  heat,  or  belongs  to  the  class  of  endothermal  reactions,  in  which  heat 
is  absorbed  ;   and  such  reactions  do  not  generally  proceed   directly, 
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although  they  may  take  place  with  the  aid  of  energy  (electrical,  ther- 
mal, «kc.)  borrowed  from  some  foreign  source.*** 

The  reduction  of  metals  by  hydrogen  is  taken  advantage  of  for 
detennining  Hie  exact  composition  of  iraf*;r  by  weiyhL  Copper  oxide  is 
usually  chosen  for  this  purpose.  It  is  heated  to  redness  in  hydrogen, 
and  the  quantity  of  water  thus  formed  is  determined,  then  the  quantity 
of  oxygen  which  occurs  in  it  is  found  from  the  loss  in  weight  of  the 
copper  oxide.  This  loss  will  depend  on  the  fact  that  the  oxygen  has 
entered  into  the  water.  The  copper  oxide  must  be  weighed  immediately 
before  and  after  the  experiment.  The  difference  shows  the  weight  of 
the  oxygen  which  entered  into  the  composition  of  the  water  formed. 
In  this  manner  only  solids  have  to  be  weighed,  which  is  a  very  great 
gain  in  the  accuracy  of  the  results  obtained.  ^'^  Dulong  ami  Berzelius 
(1819)  were  the  first  to  determine  the  composition  of  water  by  this 
method,  and  they  found  that  water  contains  88-91  of  oxygen  and  11*09 
of  hydrogen  in  100  parts,  or  8-OOS  parts  of  oxygen  per  one  part  of 
hydrogen.     Dumas  (1842)  improved  on  this  method,**  and  found  that 

**  Several  numerical  data  and  reflections  bearing  on  this  matter  are  enumerated  in 
Notes  7,  9,  and  11.  It  must  be  observed  that  the  action  of  iron  or  zinc  on  water,  or,  con- 
versely, of  hydrogen  on  the  oxides  of  iron  or  zinc,  forms  a  reversible  reaction,  which 
proceeds  in  one  or  the  other  direction,  according  to  which  is  removed  from  the  sphere  of 
action ;  the  hydrogen  or  the  water  act  according  to  which  is  present  in  a  predominating 
mass.  The  influence  of  mass  is  clearly  evinced  in  this  case.  But  the  reaction 
CuO  +  H.2  =  Cu-rH»0  is  not  reversible;  the  difference  between  the  degrees  of  affinity  is 
very  great  in  this  case,  and,  therefore,  as  far  as  is  at  present  known,  no  hydrogen  is 
evolved  even  in  the  presence  of  a  large  excess  of  water.  It  is  to  be  further  remarked, 
that  under  the  conditions  of  the  dissociation  of  water,  copper  is  not  oxidised  by  water,  most 
probably  because  the  oxide  of  copi)er  itself  is  decomposable  by  heat. 

^7  This  determination  may  be  carried  on  in  an  apparatus  like  that  mentioned  in  Note 
18  of  Chapter  I. 

**  We  will  proceed  to  describe  Dumas'  method  and  results.  For  this  determination 
pure  and  dry  copper  oxide  is  necessary.  Dumas  t<x>k  a  sufficient  quantity  of  copper 
oxide  for  the  formation  of  50  grams  of  water  in  each  determination.  As  the  oxide  of 
copper  was  weighed  before  and  after  the  experi  ment,  and  as  the  amount  of  oxygen  con- 
tained in  water  was  determined  by  the  difference  l>«'tween  these  weights,  it  was  essential 
that  no  other  substance  besides  the  oxygen  forming  the  water  should  be  evolved  from 
the  oxide  of  copper  during  its  ignition  in  hydrogen.  It  was  necessary,  also,  that  the 
hydrogen  should  be  perfectly  pure,  and  free  not  only  from  traces  of  moisture,  but  from 
any  other  impurities  which  might  dissolve  in  the  water  or  combine  with  the  copper  and 
form  some  other  compound  with  it.  The  bulb  containing  the  oxide  of  copper  ifig.  2r»i, 
and  which  was  heated  to  redness,  should  be  quite  free  from  air,  as  otherwise  the  oxygen 
in  the  air  might,  in  combining  with  the  hydrogen  pa-sing  through  the  vessel,  form  water 
in  addition  to  the  oxygen  of  the  oxide  of  copper.  Tlie  water  formed  should  be  entirely 
absorbed  in  order  to  accurately  determine  the  quantity  of  the  resultant  water.  The 
hydrogen  was  evolved  in  the  three-necked  bottle.  The  sulphuric  acid,  for  acting  on  the  zinc, 
is  poured  through  funnels  into  the  middle  neck.  The  hydrogen  evolved  in  the  Woulfe's 
bottle  passes  through  U  tubes,  in  which  it  is  purifie<l,  to  the  bulb,  where  it  comes  into 
contact  with  the  copper  oxide,  forms  water,  and  re<luces  the  oxide  to  metallic  (opper; 
the  water  formed  is  condensed  in  the  second  bulb,  and  any  passing  off  is  absorbed  in  the 
second  set  of  U  tubes.    This  is  the  general  arrangement  of  the  apparatus.     The  bulb 
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water  contains  12-575  parts  of  hydrogen  per  100  parts  oxygeu^  that  is — - 
7  "990  parts  of  oxygen  per  1  part  of  hydrogen,  and  therefore  it  is  usually 


with  the  copper 
abowB  the  qaaiil 


ojdde  is  weighed  before  and  aiier  the  expetiment.    The  \om  in  weight, 
itity  of  oxygen  which  went  into  fhe  conipnfiition  of  the  water  fonned^i 

the  weig^lit  of  the  hitter  being 
uhuwti  by  the  guii^  in  weight  of 
the  almorbiug  apparatu?i.  Know- J 
sntf  the  luiiniint  of  oxygen  in  th»- 
water  furineil,  we  rLho  know  tbe= 
c}uaiitiiy  of  hy<lrng<jn  contttiiied ; 
in  it,  and  conse<]tiently  we  deter-  t 
mine  the  coinpopjitioii  of  water  hf  | 
weight .  Th  i  H  i  H  tb  o  essenee  of  tho»  I 
deterimnntioii.  We  will  now  tura] 
to  purtii^ulars.  In  oti«  neck  of  thtik 
three-necked  Lottie  there  iH  pliLLed 
tt  tube  iiumers*Hd  iii  niercttry,  Thia^ 
§ervifB  ais  a  lioiety-vidve  to  pre- 
vent the  pre»BUre  inside  the  a}>» 
parutiis  l>ec^nii]]^  too  greut  from* 
the  rapid  evolution  of  bydroj?en„' 
Did  the  preHBure  riMe  to  any  cod-, 
siderable  extent,  the  current  of  | 
gases  &»d  va|ioiirH  wnuld  be  very 
nipid,  and,  an  a  cuni^equence,  the 
hydrogen  would  not  be  perfectly 
purified,  or  the  water  be  entirely  I 
abtiorhed  in  the  tnheu  placed  for' 
tlut4  purpose.  In  the  tbird  ueck. 
of  the  Woulfe'tt  bottle  there  is  Ob^ 
tulie  l*»udin(^  the  hydro^'en  to  tb« 
purifying  apparatus,  con^iiitm^l 
of  eijjfht  U  tuben,,  destined  for  the 
purififutinii  and  testing  of  the  hy- 
drngeti.  The  bydrctgon,  evolvt«dj 
by  «ino  and  »ulphurir  acid,  i» 
purified  by  imaaing  it  first  tlieoughj 
t'  n  tube  full  of  piei^en  of  glaB«  maist-j 
'^  ern*d  with  a  Holution  of  lead  ni-^ 
trate^  iieitt  through  liilver  siul- 
phate;  the  lead  nitrate  retaiuw 
hnlphiiretted  hydrogen,  luid  wr-j 
seniurette^l  hydrogen  iu  retiLiuedj 
by  the  tube  with  tsilver  tiulphate. 
Caustic  potafth  intlie  iwxi  U  tubo^j 
retains  any  acid  which  mij^hfe] 
come  over.  The  two  folkw*! 
ing  tubew  nre  filled  with  Inmpa  oti 
dry  cau&tic  pot^a^Bh  in  order  to  ab*j 
WJi'b  any  carbonie  anhydride  ajidt* 
moiatnre  whieh  the  hydrogeaj 
might  itmtain.  The  next  twotube» 
are^  tn  poMiph*tely  dry  the  gaa,^ 
filled  with  tt  powder  of  pho^phorLO! 
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received  that  iraier  contains  eight  /xtrts  by  iceight  o/oxygenper  one  part 
by  wtUjfht  o/hydrogtn.    By  whatever  method  water  be  obtained,  it  will 

AnhTdride,  intermingled  with  lompts  of  pmnice-atone.  Thej  are  immened  in  a  freezing 
mixture.  The  i^nuJl  U  tabe  contains  hjgrcNicopic  sabntAnce^,  and  \m  weighed  before  the 
«x|)eriment :  this  is  in  order  to  know  whether  the  hjdrogen  p«aiing  through  ftill  ret*ixis 
Any  moc:»tixre.  If  it  doe^  not,  then  the  weight  of  this  tabe  will  not  vAry  dnring  the 
wfaote  experiment,  bat  li  the  bjdnjgen  evolved  still  retAins  moi.^tore.  the  tabe  will  is- 
cRA«e  in  weight.  The  copper  oxide  is  dropped  into  the  balb,  which  is^  previoos  to  the 
experiment,  dried  with  the  copper  oxide  daring  a  long  period  of  time.  The  Air  is 
then  exhAosted  from  it,  in  order  to  weigh  the  oxide  of  copper  in  a  vmcxram  And  to 
Avoid  mAking  Anv  correction  for  weighing  in  Air.  The  bolb  is  mAde  of  infa.^ible  nAtum^ 
thttt  it  mAv  be  Able  to  withstAnd  a  lengthv  i±0  hoorst  exposore  to  a  red  heat  withn«t 
«hAngingin  form.  The  weighed  bolb  is  onlv  connected  with  the  porifyix^^  ApparAtan  After 
the  hydrogen  has  Already  pasiied  through  for  a  l*->ng  time,  ami  after  experiment  has  4hovn 
thAt  the  hydrogen  passin-z  fr^m  the  parifying  apparatus  Li  pare  and  does  nriC  contain 
any  Air.  When  the  bolb  U  coaziecte«l  with  the  parifying  apparatos.  its  cock  i*  opened 
and  the  hydrogen  &Ils  the  balb.  The  •irawn-oat  end  of  the  bolb  is  joined  by  an  indi^^ 
rubber  tabe  with  the  second  bolb,  in  which  the  water  formed  is  condensed.  When  thia 
coonection  \s  made,  the  threat!  bin<lin:r  ap  the  india-nihber  tabe  is  nntind,  and  then  the 
hydrogen  can  pass  freely  thn^ogh  the  apparatus.  On  paiwing  from  the  condensing  bulb 
the  gas  and  vApt^or  enter  into  an  apparatus  for  Jkh«4«)rbing  the  last  tnutes  of  moisture. 
The  tirst  U  tube  ooc :Ain.s  pieces  of  i;rc.:ted  potatth.  ihit  <iecond  and  third  tuben  phoHphonc 
anhydride  or  pumii:*--"»t«.ne  mi->i^tene*l  with  ^alpiiTiric  4*\'A.  The  last  of  ihe  two  i« 
employed  for  detenu: nin-z  wh»rtii»*r  aII  the  rnoistor^  is  AJ>M.^^.ed.  and  i-»  therefr.r»t  weighed 
separately.  The  iniil  tah»*  ^nly  -ierves  as  a  Wety-tu^ie  for  the  whrile  apparatus,  in  order 
that  the  external  mi  i.-^.iir»r  -.hiiolii  not  fenecrite  :nt<*  .t.  The  zIaj^s  cylinder  ^tonsaina 
sulphuric  a»:id-  through  iiraiirh  the  •fTi:e*M  of  h7'irog«^n  paiwes ;  .t  enables  the  rate  at 
which  the  hydrogen  L^*  ev«:lT^i  'xi  be  ;Tiiig»»<L  and  whether  :tji  amouTiS  4iiouid  be  decreaaed 
or  incnMwed. 

When  the  apparaXTLS  .•♦  iet  ap  ;u  aiu.'rt  be  *een  ihat  ail  lis  part/*  af»t  aermeticaily  tight 
bef«3re  conxmencin$r  ihe  r3T>erj2i»*nt.  Wh^n.  the  pr»;T:i-, 0.^17  weighed  parts  are  ;r,med  itp 
together  an»i  the  whi-.ie  ir.c*rim4  nut  .ns-i  'n.mmuniitatii.n.  then  the  rvnih  tonta«n,ng  Che 
copper  oxiiie  is  hea&ni  -v.zh.  ^  toirtt  Uunp  r»t«i:ii!t:i,n  <itje*»  a«^C  taJte  pia«>e  wishout  the  aid 
of  heat .  ami  she  r»*«tii:tii-.a  A  the  ''.np^r  .xji»r  tiii-n  lAJur^  puute.  ami  w«£er  .»  Sr,rmed. 
which  condenses  .3.  liif?  4.r,**«.rhir.'j'  ir.nHiar.i.^.  Wh».n  arsi/ly  *!-.  -xx»r  'V/pper  ^.^iAk  .s  re- 
doced  the  lami)  is  r»m<.7-r«i  %su\  tii**  incar.trii.-i  lJa.^-^X  v,  '*ia,L  th»e  '•.urrent  '>f  aydrrigiMi 
being  kept  3p  a*i  'jur.  -ai#?.  ''S~3»rn  \f.*.\.,  'JOk  ira.vn-^'.a*  -rati  ,i  the  omh  j*  fjise*!  ip.  aod 
the  hydrogen  reouuxuru;  .a  .t ..-»  riJia.i-*Cr«i.  .a  .rl*:r  Vujti  'i\f.  ir.prer  rua7  he  4ga*n  w^.i^h^vi  Ji 
a  vacunm.  Thu  Ai.m.rf.osr  iccarociis  :»miuTiA  tnJl  .f  .iT^r  vz •n.  4jui  -ri.n.d  tfterefz-^re  p>r»«ent 
A  leaa  weight  tiian  ^  t  -r»tr»  fall  .f  ur.  t^  .r.  -ru*  '>»f».r»»  th^  "ixpenmentL  4mi.  tn*rtr«*<ore. 
having  disccuneeteii  tne  ir.pc^r  .xiiie  ti-o.  t  *nrr»nr  .r  ir7  i.r  a  juam^  tiirr,ngji  .t  intti 
the  jOkA  partying  fr-.m  jik  xia>*  !7'_nji*rr  .s  .rx;rir  *.*«*#»  tr.nx  .1  ;tr'.ff*?n..  T!ie 'v.!v#:«n-ring 
bulb  ami  the  tw-;  tui.e^  n^r:  t*.  t  u**»  tiien  -v^'/rii-rt.  .i  .ri#rr  t«.  l#fr#Mm.ne  tiie  -in^t.'.'.r/  of 
water  fonmuL  I.»nauu*  r«rr#^r^!  v..-*  -ri.t»fr:ai*?s'  lutA;  t..ti#^.  T!i«  «.  ^-troge  .'^n-i.'  9  a* 
th^t  WAier  ■•rnr-*  n-*  lir,.''\  'n.— ■»  .f  .: "  i.*'.<i*'n  t**r  I.i<i<»»i  -,h^a  .f  ."s;/»fn.  XA<r..i^  k. 
correctuin  f»;r  tht;  i;iii.anr  .r  «...•  •'.nr-A..;»r<i  .1  v.*r  *«i.r,t:  i;-.i-  *f.il  *?jir,ij,V'^l  *'.»•  ;,»•  yi.u-.ng 
the  hvdrriEHn.  L^nmaM  .r.riA.nt*':  '->?  i-"*rui*f  ii-i.*«^  li'I  '»  -.#tf.  v*-*^i  .i.rr  --iv^tn*^  .J^^T'l 
and  li5«f"l.  Thi.-*  -r'.*'-M  Mac  ■••r  1  -h-t:  .r  .1  ■  t/ .«/^*i  r4r-#»r  -v.iif-A.ai*  "Vi***  \h^j»  A 
oxyzen,  w^ih  &  p«  •-♦u;i»*  ".rr  r  r  li.n  i:i.r»  Ma.i  .  r  ."»!?  .1  'n»^  iin«.»mr,  -A  .'z  -jj^-a  -.^r 
1  part  '\t  ayHbr.g^n. 

Er*imaan  uut  VCi,r»:iJuvi-  .1  '-^i.'t'  tj-»#'mi.;ij»:.i.n-  'j.»i:i«i  v.^f  ,*r  lii«»#»*i  ',*/•>«  .f 
oxyzen  w»ter  '/.nri^n.t  1*1  k'-ng.'*  .f  liT-i  .ar'^  '  1  ■  1/ .v '?»  » 'ii  i  i..'f»'r.'n/>  .f  '.•  •»» 
linifi  V,  ll+wT.  iitrif*'  ^•'r  I  'Sit.t  .»  .1  '1/  v  "i  '.■.♦•^-  •■  'i-'t  .♦•  ' '^^".-l  .*  .■:  •j.'-i  »  '.ii  ui 
errr^r  of  »c  lesisc  r'*r,  -^■.i;i,-^  t^x:.:j  v.*t  "l:/-!:'*  li-''^'^  -«■.«'  t.:*/.u:ir  .'  ..-  .j'-i  v^r  ; 
part  of  hydmgen  w.ojt  le  ")v*. 
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always  present  the  same  composition.  Whether  it  be  taken  from  nature 
and  purified,  or  whether  it  be  obtained  from  hydrogen  by  oxidation,  or 
whether  it  be  separated  from  any  of  its  compounds,  or  obtained  by  some 
double  decomposition — it  will  in  every  case  contain  one  part  of  hydrogen 
and  eight  parts  of  oxygen.  This  is  because  water  is  a  definite  chemical 
compound.  Detonating-gas,  from  which  it  may  bo  formed,  is  a  simple 
mixture  of  oxygen  and  hydrogen,  although  a  mixture  of  the  same 
composition  as  water.  All  the  properties  of  both  constituent  gases  are 
preserved  in  detonating-gas.  Either  one  or  the  other  gas  may  be 
added  to  it  without  destroying  its  homogeneity.  The  fundamental 
properties  of  oxygen  and  hydrogen  are  not  found  in  water,  and  neither 
of  the  gases  can  be  added  to  it.  But  they  may  be  evolved  from  it.  In 
the  formation  of  water  there  is  an  evolution  of  heat  ;  for  the  decom- 
position of  water  heat  is  required.  All  this  is  expressed  by  the  words^ 
Water  is  a  definite  chemical  compound  of  hydrogen  ivith  oxygen.  Tak- 
ing the  symbol  of  hydrogen,  H,  as  expressing  a  unit  quantity  by  weight 
of  this  substance,  and  by  expressing  16  parts  by  weight  of  oxygen  by  O, 
we  can  express  all  the  above  statements  by  the  chemical  symbol  of 
water,  HjO.  As  only  definite  chemical  compounds  are  denoted  by 
formulae,  having  denoted  the  formula  of  a  compound  substance,  we 
express  by  it  the  entire  series  of  conceptions  which  are  connected  with  the 
representation  of  a  definite  compound,  and,  at  the  same  time,  the  quan- 
titative composition  of  the  substance  by  weight.  Further,  as  we  shall 
afterwards  see,  formulae  express  the  volume  of  the  gases  contained  in  a 
substance.  Thus  the  formula  of  water  shows  that  it  contains  two  volumes 
of  hydrogen  and  one  volume  of  oxygen.  Besides  which,  we  shall  learn 
that  the  formula  expresses  the  density  of  the  vapour  of  a  compound^ 
and  on  this,  as  we  have  seen,  many  properties  of  substances  depend. 
This  vapour  density,  as  we  shall  learn,  also  determines  the  quantity  of 
a  substance  entering  into  a  reaction.  Thus  the  lettei-s  HjO  tell 
the  chemist  the  entire  history  of  the  substance.  This  is  an  inter- 
national language,  which  endows  chemistry  with  a  simplicity,  clear- 
ness, stability,  and  trustworthiness  founded  on  the  investigation  of  the 
laws  of  nature. 

Reiser  (1888),  in  America,  by  employing  palladium  hydride,  and  by  introducing 
various  new  precautions  for  obtaining  accurate  results,  found  the  comi)OBition  of  water 
to  be  15'95  parts  of  oxygen  per  2  of  hydrogen. 

Certain  of  the  latest  determinations  of  the  compoHition  of  water  are  hardly  less  exact 
than  the  analysis  made  by  Dumas,  and  always  give  less  than  8,  and  on  the  average 
7'98,  of  oxygen  per  1  part  of  hydrogen.  At  present,  therefore,  the  atomic  weight  of 
oxygen  is  taken  as  15*96.  However,  this  figure  is  not  to  be  entirely  dei)ended  on,  and 
for  ordinary  accuracy  it  may  be  considered  that  O  =  1(5. 
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OXTGKS   ASV  THE   CHI£r   ASPECTS  OF   FTS   54L1TE  COMBDfAWW^Si. 

Os  theeartli  s  satimoe  zhert  ii  oo  cclier  efoocikt  vhicii  k  so  widdj  <&- 
tHbatedaftca^T^ni  isk  h^  Tm«L5caii^wi(C£Mli.-  limakt^w^^i^^'tiirishi 
€i  the  wd^t  of  w]fttcr.  vfbieii  occrxpiM  tfe  zreaMr  part  of  tkt  cmnh':^ 
soifftce.  Xcarir  all  cardiT  fQCuftaeuccs  4uui  mtia  ootMisi  ctf  dMspcnDHfe 
id  oxTgm  with  KkKaLs  acid  odKr  tJimEKXiii.  Thixi^  tiK  ^]r«aS4r  part  «tf 
sauid  15  fonned  oi  siikaL  ^'j^  vhkh  is  a  ••zrjciLpcMEui  <itf  oxt2«&  vim  slixKn. 
and  eontains  35  p^c  ^  oxt2»tl  :  daj  •efjCJLaica  vatcr.  acsouzfift  ( £oei=0ii  «f 
ahmuniiiB  aod  OTj^fst  y  acid  ai^ka.  It  eeat  r^t  cifx^nicRii  t£Lan  •^arthj 
svbsuuiccs  acd  mck^  •^.c^iaiTL  sp  Vj-  ^jot-icird  «€  ^th«r  vcie*:':  rji  K^-xT^^m.  2 
•""■**^  aod  T«s»«aAu»'  fiaLeje3LU!iCf»  ar^  aj»>  t#t7  neh  ic;  ^xj^cfi.  Winh- 
out  coantiBSix  i£ie>  vaSi^r  fv^Kct  azi  tbeoL.  pCdusu  wci''.ai:.  xp  n^  i^\  aul 

predomiDEase  ^c:  i:£i»^  «arxJL~^  MZfihM:.  azjd  t*jem.  ^.^xsTl  cc«?-suJif  «€  t&it 
«ho^  <d  the  »:-oti  acii  '.^?mi  ssfein«TS  'Cdf  ihe  farth'i  frKfii.  Bcniea 
this^  a  ptoraoBB  j<^.  rwrar^ts  fr»«e.  and  s  fuitair^sd  ^  adsifxTio*-  vith 

one-fifth  of  hz  tq^tzsh-. 

Bctv  so  v^itij  tr3i5rri?-»n<*fi  21  lA-nir*.  :iT;p«a  puajf  a  t^tt  in. 

to  <*<«aa2.  ciLt  ./iry;*?*  fr-^.ui  r-  -tiit  c-ijpto.  *xl3^:kizj^  zz^^^  Tinir 
resfirasiOFy  'wzacis  ti*ie  JT'Xfr  tf  iixnar  "'.«.T-xt  acii  a<ti2iAJs.  liii*-  r^"»*  <rif 
l6sh«&.  arai  tifr  trciiiiR-  :f  iiii*wn»  :  ini^r.  fc>  v--  i*t,  c^iiji:  iz.  t^  ii.  •««£«• 
ti'>  a^ittc-v^  lilt  'CijriK-  "jni*-  viyxf^t  .f  tcj*-  sir  •  ce  •di««rAT*fC  ii.  Tpa.'uw^ 
fagri  -lijciExi  "ffii*:  3ii«i.lrfci*«  if  tb»-  rwccv;#:?7  <rcii^§  rjv.  "Xi^  r,igr^jL 
if  rpcazziciii  5:1.   ii   '.j  1^   \ijivji    ir^r^mhvjvi^    ii    inziKHLrrowf   :.'t    '^^gaar 
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about  chemical  processes  in  tliem,  and  chiefly  extracting  carbon  froDi 
them  in  the  form  of  carbonic  iinliytiridej  the  grear^^r  part  of  which 
passes  into  the  blood,  is  dissolved  by  it,  and  is  thrown  ofl"  hy  the  lungs 
during  the  absorption  of  the  oxygen.  Thus,  in  the  process  of  respiration 
carbonic  anhydride  (and  water)  is  given  off,  and  the  oxygen  of  the  air 
absorbeti,  l)y  which  means  the  blood  is  changed  fronx  a  dark-retl 
venous  to  a  bright- red  arterial  bhjod.  The  cessation  of  this  process  causes 
death,  l>ecause  then  all  those  chemical  processes,  and  the  consequent 
heat  and  work  which  the  oxygen  introrluced  into  the  system  brought 
al>out,  ceases.  For  this  reason  sufiVjcation  and  death  ensue  in  a  vacuum, 
or  in  a  gas  which  does  not  contain  free  oxygen  (which  does  not  support 
combustion).  If  an  animal  be  pilaced  in  an  atmosphere  of  free  oxygen , 
then  at  first  its  movements  are  very  active  and  a  general  invigoration  is 
remarked,  but  a  reaction  soon  sets  in,  and  perhaps  death  may  ensue. 
The  oxygen  of  the  air,  when  it  enters  the  lungs,  is  diluted  with  four 
volumes  of  nitrogen,  which  is  not  absorbed  into  the  system,  and  there- 
fore the  blood  absorbs  but  a  small  quantity  of  oxygen  from  the  air, 
whilst  in  an  atmosphere  of  pure  oxygen  a  large  quantity  of  oxygen 
would  be  absorbed,  which  would  protluce  a  very  rapid  change  of  all  parts 
of  tlie  organism,  and  destroy  it.  From  what  has  been  said»  it  will  be 
understood  that  oxygen  may  l>e  employed  in  respiration,  at  least  for  a 
limited  time,  when  the  respiratory  organs  suffer  under  certain  forms  of 
suffocation  and  impediment  to  breathing,^ 

The  combustion  of  organic  substances  -that  is,  substances  which 
make  up  the  composition  of  plants  and  atumals — proceeds  in  the 
same  maimer  as  the  combustion  of  many  inorganic  subatiinces,  such  as 
Bulphur,  |)hosphorus,  iron,  ttc,  from  the  combination  of  the*>e  sub- 
stances with  oxygen,  as  was  cleseril*ed  in  the  I iitrtxl miction.  Tlie  ile- 
composition,  rotting,  and  similar  transformations  of  substances,  which 


*  It  is  evident  that  tlie  partial  pressure (b^c Chap,  II. |  acts  in  respiration.  The  resf  Arehen 
of  Paul  Bert  showed  this  witli  pturticuUir  clearaefij*.  Under  a  prcHHiire  of  oiie-tiifth  of  an  at- 
mosphere conaifltiiig  of  oxygen  only,  animAl»  and  liuman  bein^^'ri  remain  mitler  the  ordinary 
conditions  of  the  p^irtiitl  pressure  of  oxygen, bnt  or^anisniGi  cfuinot  Mupp<:*rt  air  rarefied  to  on*?- 
fifth,  for  then  the  pftrtiiil  prosBureof  the  ox^rf^en  faKfltooue'tweiity-fifth  of  am  atmoHpherii. 
Even  under  a  preftHure  of  one-third  of  an  atoiotipliere  the  reicrtilAr  lift*  of  huoian  Ix'injjri  i»  im- 
|>088ibk',ljyreafi.on  nfthe  inipc^ftsibility  of  reHpirationtof  the  deer^OHHof  snlubility  of  oxygon 
in  thehlood),  owing  to  the  rudiU  purtiid  pr**s4Hnre  of  the  oxy^ren,  uiid  not  from  the  inednmi- 
cid  effect  of  thedecrense  of  prefiHUri*.  Fatll  Bert  illustrated  all  this  by  miuiy  experiiuetifca, 
0<nne  of  which  he  eoiidnfted  on  hiniiwdf.  Tbia  cxphiinti^amonij^  other  tilings,  the  diBoom- 
fort  felt  in  the  ascent  of  )iigh  mountains  or  in  bn.llti<jn«  when  the  height  reached  exeetHis 
eight  kilometreH,  and  at  pressures  below  250  mm.  (Chap,  U.  Jiote  *iti).  It  is  evident  lliat 
an  artiftciiil  atmosphere  has  to  be  employed!  in  the  lisceot  to  jfreat  heights,  jti»t  »»  in  sub- 
marine work,  Tlie  cure  by  coinpreBsed  rind  rarefied  air  which  is  practiced  in  certain  ilj- 
nesaes  is  based  portly  on  tbe  mechanical  action  of  the  change  of  presi»ur0j  and  partly  on 
the  alteration  in  the  parti&l  pressure  of  the  respired  oxygen. 
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proceed  around  us,  are  also  very  often  depentlent  on  the  action  of  the 
oxygen  of  the  air,  and  also  reduce  it  f nun  a  free  to  a  combined  state. 
The  majority  of  the  eonipimnds  of  oxygen  ure,  like  water,  very  stalde, 
And  do  not  give  up  their  oxygen  under  the  ordinary  conditions  of  nature* 
As  these  processes  are  taking  place  everywhere,  therefore  the  amount 
of  free  oxygen  in  the  atmosjdiere  should  decrease,  and  this  decreitse 
should  proceed  somewhat  iTipidly*  This  is,  in  fact,  observwl  where 
combustion  or  respiration  proceeds  in  a  closed  space.  Animals  suffocate  in 
a  closed  space  because  in  consuming  the  oxygen  the  air  remains  unfit  for 
respiration*  In  the  same  manner  combustion,  in  time,  teases  in  a  closed 
space,  which  may  be  proved  by  a  very  simple  experiment.  An  ignited 
substance — for  instance  a  piece  of  burning  sulphur— has  only  to  be  placed 
in  a  glass  Hask,  which  is  then  closed  with  a  stnut  cork  to  prevent  the 
Access  of  the  external  air  ;  coniimstion  will  proceed  for  a  certain  time, 
so  long  as  the  tiask  contains  any  free  oxygen,  hut  it  will  cease,  altliougli 
there  still  remain  unburnt  sulphur,  when  all  the  oxygen  of  the  enclosed 
air  has  combined  with  the  sulphur.  From  what  lias  been  said,  it  is 
evident  that  regulaiity  of  combustion  or  respiration  requires  a  con- 
stant  renewal  of  air — that  is,  that  the  burning  substance  or  respiring 
animal  should  have  access  to  a  fresh  supply  of  oxygen.  This  is  attained 
in  hujnan  habitations  by  having  many  wimlows^  outlets,  and  ventilators, 
and  l>y  the  current  of  air  produced  by  fires  and  stoves.  As  regards  the 
air  over  the  entire  earth's  surface,  its  amount  of  oxygen  hardly  decreases, 
bec^iuse  in  nature  there  is  a  proceH,s  going  on  which  renews  the  supply 
of  free  oxygen,  Planls,  or  rather  their  leaves,  during  daytime^ — that  is, 
under  the  intluence  of  light— ei-tf Ire  Jree  o,ri/{jen.  Thus  the  loss  of 
oxygen  wliich  occurs  in  consequence  of  the  respiration  nf  animals  and  of 
combustion  is  made  good  by  plants.  If  a  leaf  be  placed  in  a  bell  jar  con- 
taining water,  and  carbonic  anhydride  (because  this  gas  is  absorbed  and 
oxygen  evolved  from  it  by  plants)  be  passed  into  tlie  l:»ell,  and  the  whole 
iipparatus  be  placed  in  sunlight,  then  oxygen  will  aceunmlate  in  the 
bell  jfuv  Tliis  experiment  was  tirst  made  by  Priestley  at  the  end  of  the 
last  centuiy.  Thus  the  life  of  plants  on  the  earth  not  only  serves  for 
the  formation  of  ff:*od  for  animals,  but  alsn  fur  keejiing  up  a  constant 
percentage  of  oxygen  in  the  atmosphere.  In  the  long  periixl  of  the  life  of 
the  earth  that  equilibrium  has  been  attained  lietween  the  processes  ab- 

5  At  tiight^  without  the  iictiou  oi  light,  without  the  ahsorption  of  that  energy  which 
is  rvq aired  for  the  deconjpositioo  of  ctu-bonie  iUihjdride  into  free  ojcygen  awd  carbon, 
inrhich  is  relAined  by  the  plants^  they  breathe  like  animals,  absctrhing  oxygen  and  evohning 
carbonic  iiiihydnde.  Tliie*  procena  also  goes  on  »id^  by  side  with  tht*  reverse  proc^aa  in 
<1ayiimtt,  but  then  it  is  far  feebler  than  that  which  gives  oicygen.  This  obi^ervation  ia  a 
neccftiULry  consequence  of  an  aggregate  of  data  referring  io  the  physiological  processes  of 
pUkat». 
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Borbing  and  eiivulving  oxygen,  by  which  a,  definite  quantity  of  free 
oxygen  is  prei>er\'e<i  in  the  entire  mas5  of  the  atmosphere,* 

Free  oxyt^'eii  may  be  obtained  by  one  or  another  method  from  all 
the  substances  in  wliich  it  occurs.  Thus,  for  instance,  the  oxygen  of 
many  substances  nmy  he  transferred  into  water,  from  which,  as  we 
have  alrea<ly  seen,  oxygen  may  be  obtaineil.'^  We  will  tirst  consider 
the  methods  of  extracting  oxygen  fmm  air  as  being  a  substance  every* 
where  distributed  The  separation  of  oxygen  from  it  is,  howevei^ 
hamf>ered  by  many  difficulties* 

From  air,  which  contains  a  mixture  of  oxygen  and  nitrogen,  the 
nitrogen  alone  cannot  be  removed,  because  it  has  no  inclination  to 
combine  directly  or  readily  with  any  substance  ;  and  although  it  does 
coudjirie  with  certain  substances  (boron,  titanium),  these  substances  com- 
bine simultaneously  with  the  oxygen  of  tlie  atmosphere.**      However,. 


*  The  earth's  eurface  is  equal  to  about  510  tuillion  wjuiwe  kilonietreB,  and  the  muss  of 
the  air  (at  a  premaurci  of  70i>  mm.)  on  eaeh  kilometre  of  aurfttce  is  abi>nt  10^  thouHand  millioiis 
ol  kilogramn,  or  about  W\  railliou  tons;  thereforf^  the  whole  weight  of  the  tttjiiouphere 
ia  about  6100  million  million  (^fil  x  mi')  tona.  ConBeqaeDtly  there  are  about  2  k  10'* 
tons  of  free  oxygen  in  the  earth's  atinoepliere.  The  in  numerable  uerieu  of  proce^iaea 
which  absorb  a  portion  of  tliia  oxygen  are  eompeiiaated  for  by  the  plmit  proceiiseti.  Count- 
ing that  100  million  tons  of  vegetable  matter,  containing  40  p.e.  of  carbon,  formed  from 
carbonic  ttt-nJ,  art*  protluced  (und  the  aame  process  proceeds  in  water)  per  year  on  the  lOO 
million  wqnare  kilonu?tn'H  of  dry  land  (ten  tomi  of  roots,  leaves,  atema,  &c,  per  hectare,  or 
y^y  «f  tt  HquiLre  kiln  metre),  we  find  that  the  plant  life  of  the  dry  land  gives  about  KXl^OOU 
tons  of  axygeu^  which  ia  an  inaignificant  fr&ction  of  the  entire  maaB  of  tlie  oiygeu  of 
the  air. 

*  The  extraction  of  oxygen  from  water  may  evidently  bo  accomi)li«U0d  by  two  pro- 
cesfieti:  either  by  the  decompnHition  of  water  into  its  couBtituettt  parts  by  the  action  of  tu 
ll^lviinic  current  (Chap,  IL),  or  by  means  of  the  removal  of  the  hydrogen  from  wrtter. 
But,  UK  we  have  wen  and  already  know,  hydrogen  enters  into  direct  eombinatiou  with  very 
few  Huhfitance*,  ainl  then  only  under  erpecial  oirciunfitancee ;  whilst  oxygen,  as  wo 
shall  »oon  learn,  combiDeH  with  nearly  all  Hubstances.  Only  gaeeauB  chlorine  (and 
eBpeeially,  fliuprine)  is  Cnaitable  of  decympoHvng  water,  taking  tip  the  hydrogen  from  it, 
without  combining  with  the  oxygen.  Chlorine  ia  soluble  in  water,  and  if  an  atjueoas 
solution  of  chlorine,  fto-called  chlorine  water,  be  poured  into  a  Hunk,  a,nd  this  flask  be 
inverted  in  a  basin  containing  the  same  chlorioe  water^  then  we  lihall  have  an  apparaiud 
by  means  of  which  oxygen  may  be  extracted  from  water.  At  the  ordinary  tempersture, 
and  in  the  dark,  chlorine  does  not  act  on  water,  or  only  acts  very  feebly ;  but  under 
the  action  of  direct  sunlight  chlorine  decompnHes  Wttter,  witli  the  evolution  of  oxygen. 
The  chlorine  then  comhincfi  with  the  hydrogen,  attd  gives  hydrochloric  atfid,  which  diH- 
solveti  in  the  wrtteft  and  therefore  free  oxygen  nnly  will  be  Aeparate<l  from  the  liquids 
and  it  will  only  contain  w.  :*mall  quantity  of  ehlnriny  in  fwlmixturo,  which  can  be  easily 
feinoved  by  passing  the  gas  through  a  solution  of  caustic  [wtasli,  which  retaius  the 
Qhlorine« 

*  A  difference  in  the  phyMieal  properties  of  both  gaaes  camvot  be  here  taken  adv&ntoge 
of,  because  they  are  very  similar  in  this  Tesjiect.  Thus  the  detisity  of  oxygen  is  Ifi,  and 
of  nitrogen  14  times  greater  than  the  de.nsity  of  hydrtigcn*  and  therefore  porous  vesiiela 
cannot  be  here  employed — the  difference  between  the  times  of  their  passage  through  IL 
portiiu'9  surface  would  be  toti  in^^igniilicant. 

Gralmmi  however,  succeeded  in  enriching  air  in  oxygen  by  passing  it  through  mdia- 
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oxygen  may  be  separated  from  air  by  cftusing  it  to  combine  with  sub- 
stances which  may  be  easily  decomposed  by  the  action  of  heat,  and,  in 

rubb«?r.  TIuk  may  he  done  in  the  folloMring  way  ;^A  common  inflin- rubber  cugliion,  ic 
(Fig,  27},  is  Ulcen,  and  its  orifice  hermtaiciUly  connected  with  nn  iiir-pump,  or,  better 
•tillr  ft  rarrcory  nspiraior  I  the  Sprengel  pump  is  designAted  by  the  letters  A,  C,  b).  When 
the  lupirator  (Chap.  II.  not*;  HI) 
pumpH  out  the  air^  which  will  I'e 
Been  l>y  the  mercnn,-  nuining 
oat  in  &n  almost  uninterrupted 
Btreiinif  and  from  its  t»tand- 
ing  at  near  the  bariimeti'ii^ 
heighti  then  it  may  be  clearly  tv- 
nutrked  that  g&B  piwaes  through 
fhe  india-rubber,  This  is  al^o 
aeen  from  the  fact  Ihat  bubble b 
Olgaecrmtinually  pasa along  with 
the  jnercury*  A  ifimnll  pressure 
of  air  may  1>e  conHtimtiy  kept 
up  in  the  CQiihion  by  ixnuriiig 
mercur}'  into  the  fntmcl  a,  and 
screwing  up  tlie  cock  c^  ho  that 
the  stream  tlowing  from  it  be 
small,  And  then  a  [vortion  of  the 
air  pafii^ng  through  the  indin- 
rubber  will  be  carried  alonfi^ 
with  the  merenry.  ThiA  air  may 
be  collected  in  the  cylinder  R. 
Its  comfMjsitioB  proves  to  be 
abotit  4il  volumeB  of  oxygen  with 
57  volumes  of  nitrogen,  and  one 
volume  of  carbonic  anhydride, 
whilst  ordinary  air  containn 
only  31  volumes  of  oxygen  in 
100  volnmee.  A  square  metre  of 
india-rubber  ffurface  (of  the  aHual 
thieknesii)  paasea  about  45  c.c.  of 
such  air  per  hour.  Thi&  experi- 
ment clearly  shows  that  india- 
rubber  is  permeable  to  gaseii. 
This  may,  by  the  way,  be  ob- 
ierred  in  common  toy  balloons 
filled  with  coalgas.  They  fall 
after  a  day  or  two,  not  be- 
cause there  are  hole»  in  them, 
but  because  air  ftenetrateti  into, 
and  the  gas  fromt  their  inti^^rior, 
through  the  surface  of  theinditi 

rubber  of  which  they  are  miwle.  The  rate  of  the  passage  of  gaaen  through  india' 
rubber  does  not,  nn  Mitchell  aiul  Graham  abowed,  defunid  on  their  den«itiew,  and  con- 
aequently  its  i»ermeahility  h  not  determined  by  orificeu.  It  more  resemblew  dialygia 
—-thai  in,  the  (penetration  of  liquids  through  colloid  surfaces,  Eqtial  volume »  of  ga«>ea 
penetrate  thrt>ugh  imliu-rnbl>er  in  iH?rio«ia  of  time  which  are  related  to  each  other  aa 
follows  : — larbimii'  anhydride,  100;  hydrogen, 247  ;  oxygen,  532;  marah  gaa,  <!V33  ;  carbonio 
oxide,  1220;  nitrogen,  13 &H.  Hence  nitrogen  {tenetratea  more  slowly  than  o3cygen,  and 
carlionic  anliydride  more  quickly   than  other  gaaea.     3*560  volumes  of  oxygen  and 


Fki.  27. — Graham's  apparntuH  for  tljn*  iltn'onqMieitlon  of  n\r 
by  immplug  it  through  India-robbcr. 
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so  doing,  give  up  the  fjxygen  absorbetl — that  is,  hy  making  use  of  re- 
versible reactions.  Thus*  for  instance,  the  oxygen  of  the  aljnosphere 
maj  be  made  to  oxitlise  sulphurous  anhydride,  SO;^  (by  passing  directly 
over  ignited  spongy  platinum),  and  to  form  sulphuric  unhydiidej  or 
sulphur  trioxide,  80.,  ;  and  this  substance  (which  is  a  solid  and  volatile, 
and  therefore  easily  separated  frum  the  nitrogen  and  sulphurous 
anhydride),  by  heating  again,  gives  oxygen  and  sulphurous  anhyibide. 
Caustic  soda  or  lime  extracts  (absorbs)  the  sulphurous  imhydride  from 
this  mixture,  whilst  the  oxygen  is  not  absorbed,  and  thus  it  is  isolated 
from  the  air.  On  a  large  scale  in  works,  as  we  shall  afterwards  see, 
sulphiirous  anhydride  is  transformed  into  hydrate  of  sulphuric  trioxide, 
i»r  sulphuric  acid,  HjSO^  ;  if  this  is  made  to  fall  in  drops  on  red-hot 
tlagstonea,  water,  sulphurous  anhydride,  and  oxygen  are  ubtainetl. 
The  oxygen  is  easily  isolated  from  this  mixture  by  passing  the  gases 
over  lime.  The  extraction  of  oxygen  from  oxide  of  mercury 
(Priestley,  Lavoisier^,  which  is  obtained  from  mercury  and  the  oxygen 
of  the  atmosphere,  is  also  a  reversible  reaction  by  which  oxygen  maybe 
obtained  from  the  atmosp^here.  So  also,  by  passing  diy  air  through  a 
red*hot  tube  containing  barium  oxide,  it  is  made  to  combine  with  the 
oxygen  of  the  air.  By  this  i*eaction  the  so-called  barium  p«:^roxide, 
BaOj,  is  formed  from  the  Imriuni  oxide  BaO,  and  at  a  higher  tempe- 
rature the  furnier  evolves  the  absorl>ed  oxygen,  and  leaves  the  bariuni 
oxide  originally  taken.' 


18*685  volumes  of  tarlwnit-'  anhydride  pem*itiKte  in  the  wmw  time  A«  one  volam*  of 
nitrogen.  By  raulti]ilyiTig  tht?«e  nitictn  hy  thu  aiiiuuntH  of  thetse  giiKt^s  in  air,  we  obtuiii 
figures  which  nr^  in  alniunt  the  hauw  prn^Kirtion  as  the  volumes  of  the  gA,s*»«  ponctrnting 
from  air  through  indiii- rusher.  1/  the  ifrmx-iia  of  dialyHiii  be  repeiittid  on  the  air  which 
htts  ttlrendy  pii»Hect  throu^di  indiiuruhber,  then  a  mixture  eontaining  05  p.c.  bj'  volume 
of  oxygen  is  obtained.  It  nmy  lie  tlntughl  that  the  cflune  of  thin  idienomenon  is  the  ab- 
»f»rptioD  OT  ciccluMion  imrt  Chiip*  II)  of  guiteR  by  iiidtiv-rubber  and  the  evolution  of  the  gaD 
dJHHolve'd  in  a  vacuum  ;  and,  iiideeil,  indift-nibbtr  does,  absorb  gosee,  oHjwcmlly  carbonic 
anhydridi?,  juHt  ii»  met^UM,  eH|»eeii»lIy  on  nn  inerejine  of  temperiiiture,  absorb  gat^ea,  i4b  wa« 
mentioned  in  the  last  chiipter.  Grahum  eailtjd  the  above  method  of  the  decompoeition 
of  air  ahtwiygiu. 

'  Tlie  pr<*iittn!i,tion  of  oxygen  by  this  method,  which  in  due  to  Bunj^en,  is  conducted  in 
(%  poreelttin  tube,  which  ih  phieed  in  il  stove  heated  by  churcoftb  ao  that  it»  end»  project 
beyond  th*?  rttove.  Bikriuin  oxide  fwhich  may  be  obtained  by  igniting  barium  nitrate, 
previouely  dried)  ia  placed  in  the  tube,,  one  end  cif  which  in  connected  with  a  pair  of 
bellowft,  or  a  gas-holder,  for  keeping  up  a.  current  of  mr  through  it.  The  air  in  previou»ly 
paH%t4>d  through  tt  eiokition  of  crtutitic  p«<t^Liih^  to  remove  all  traces  of  ctirbonic  anhydridej 
and  it  i»  very  carefully  dried  (for  the  hydratei  BaHr^Oj  doeb  not  give  the  peroxide).  At  a 
dark-red  heat  (SOfMtlMj' )  tlie  oxide  of  barium  a btiorba  oxygen  from  the  air,  »40  that  thegtks 
leaving  the  tube  ('ont)iHt«4  almont  entirely  of  nitrogen.  When  the  abKorjition  ceAbeH,  the  air 
will  puHrt  throngh  tlie  tube  unchanged,  whirh  nmy  be  recogniH.ed  from  the  fact  that  it  anp- 
ports*  combu«tiini,  The  bariuni  oxide  h  converted  into  fjeroxide  under  the^e  circunitttiince'S, 
tMul  eltfvcin  \niriii  of  barium  oxid**  nbsorb  about  one  purtof  oxygen  by  weight.  Wh^n  the 
absorption  cea&etj.  one  end  of  the  tube  ia  clused,  a  oork  with  a  gaii-conduoting  tube  i»  fixed 
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Oxygen  is  evolved  with  particular  ease  by  a  whole  series  of  un- 
stable oxygen  compounds,  of  which  we  will  proceed  to  take  a  general 
survey,  remarking  that  many  of  these  reactions,  although  not  all,  belong 
to  the  number  of  reversible  reactions  ;*  so  that  in  order  to  ob- 
tain many  of  these  substances  (for  instance,  potassium  chlorate)  rich 
in  oxygen,  recourse  must  be  had  to  indirect  methods  (see  Intro- 
duction), with  which  we  shall  become  acquainted  in  the  course  of  this 
book. 

1.  Thp  compoundit  of  oxygen  with  certain  metals,  and  especially 
with  the  so-called  noble  metals — that  is,  mercury,  silver,  gold,  and 
platinum — having  been  once  obtained,  retain  their  oxygen  at  the  ordi- 
nary temperature,  but  part  with  it  at  a  red  heat.  The  compounds  are 
solids,  generally  amorphous  and  infusible,  and  are  easily  decomposed  by 
heat  into  the  metal  and  oxygen.  We  have  seen  an  example  of  this  in 
speaking  of  the  decomposition  of  mercury  oxide.  Piiestley,  in  1774, 
obtained  pure  oxygen  for  the  first  time  by  heating  mercury  oxide  by 
means  of  a  burning-glass,  and  clearly  showed  its  difference  from  air. 
He  showed  its  characteristic  property  of  supporting  combustion  *  with 
remarkable  vigour,'  and  named  it  dephlogisticated  air. 

into  the  other  end,  and  the  heat  of  the  stove  is  increased  to  a  bright-red  heat  (800-).  At 
this  temperature  the  barium  peroxide  gives  up  all  that  oxygen  which  it  acquired  at  a  dark- 
red  heat — iV.,  about  one  part  by  weight  of  oxygen  is  evolved  from  twelve  parts  of  barium 
peroxide.  After  the  evolution  of  the  oxygen  there  remains  the  barium  oxide  which  was 
originally  taken,  so  that  air  may  be  again  panned  over  it,  and  thus  the  prei>aration  of  oxygen 
from  one  and  the  same  quantity  of  barium  oxide  may  be  repeated  many  times.  Oxygen 
has  been  procured  one  hundred  times  from  one  mass  of  oxide  by  this  method ;  all  the  neces- 
sary precautions  being  tak^n,  as  regards  the  temperature  of  the  mass  and  the  removal  of 
moisture  and  carbonic  acid  from  the  air.  Unless  these  precautions  be  taken,  the  mass 
of  oxide  soon  spoils. 

As  oxygen  may  become  of  considerable  technical  use,  from  its  capacity  for  giWng 
high  temperatures  and  intense  light  in  the  combustion  of  substances,  its  preparation 
directly  from  air  by  practical  methods  forms  a  problem  whose  solution  many  investi- 
gators continue  to  work  at  up  to  the  present  day.  The  most  practical  method  is  that  of 
Tessie  du  Motoy.  It  is  based  on  the  fact  that  a  mass  of  equal  weights  of  manganese 
peroxide  and  caustic  soda  at  an  incipient  red  heat  (al>out  850'j  absorbs  oxygen  from  air, 
with  the  separation  of  water,  according  to  the  equation  MnO,>  -f  2NaH0  -1-0  =  Na.jMn04 
•*■  H.2O.  If  superheated  steam,  at  a  temperature  of  about  450',  be  then  passed  through 
the  mixture,  the  manganese  |>eroxide  and  caustic  soda  orginally  taken  are  regenerate*!,  and 
the  oxygen  held  by  them  is  evolved,  ai'cording  to  the  reverse  eijuation  Na.jMn04 
+  H..,0  =  MnO., +  2NaHO^O.  This  mode  of  preparing  oxygen  may  be  repeated  for  an 
infinite  number  of  times.  Tlie  oxygen  in  combining  separates  out  water,  and  steam, 
acting  on  the  resultant  substance,  evolves  oxygen.  Hence  all  that  is  required  for  the 
preparation  of  oxygen  by  this  method  is  fuel  and  the  alternate  cutting  off  the  supply  of 
air  and  steam. 

*  Even  the  decomposition  of  manganese  peroxide  is  reversible,  and  it  may  be  re- 
obtained  from  that  suboxide  (or  its  salts',  which  is  formed  in  the  evolution  of  oxygen 
(Chap.  XI.  note  6).  The  compomids  of  chromic  acid  containing  the  trioxide  CrO-  in 
evolving  oxygen  give  chrt^mium  oxide,  Crj<3-,.  but  they  re-form  the  salt  of  chromic  acid 
when  heated  at  a  red  heat  in  air  with  an  alkali. 
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2.  The  substances  called  jyeroxides^  evolve  oxygen  at  a  greater  or 
less  heat  (and  also  by  the  action  of  many  acids).  They  usually  contain 
metals  combined  with  a  large  quantity  of  oxygen.  Peroxides  are  the 
highest  oxides  of  certain  metals  ;  those  metals  which  form  them  gene- 
rally give  several  compounds  with  oxygen.  Those  of  the  lowest  degrees 
of  oxidation,  containing  the  least  amount  of  oxygen,  are  generally  sub- 
stances which  are  capable  of  easily  reacting  on  acids — for  instance, 
with  sulphuric  acid.  Such  low  oxides  are  called  bases.  Peroxides 
contain  more  oxygen  than  the  bases  formed  by  the  same  metals.  For 
example,  lead  oxide  contains  7*1  parts  of  oxygen  in  100  parts,  and  is 
basic,  but  lead  peroxide  contains  13*3  parts  of  oxygen  in  100  parts. 
Manganese  peroxide  is  a  similar  substance,  which  is  a  solid  of  a  dark 
colour,  and  occurs  in  nature.  It  is  employed  in  the  manufactures 
under  the  name  of  black  oxide  of  manganese  (in  German,  *  Braunstein,' 
the  pyrolusite  of  the  mineralogist).  Peroxides  are  able  to  evolve 
oxygen  at  a  more  or  less  elevated  temperature.  They  do  not  then  pai-t 
with  all  their  oxygen,  but  with  only  a  portion  of  it,  and  are  converted 
into  a  lower  oxide  or  base.  Thus,  for  example,  lead  peroxide,  on  heat- 
ing, gives  oxygen  and  lead  oxide.  The  decomposition  of  this  peroxide 
proceeds  somewhat  easily  on  heating,  even  in  a  glass  vessel,  but  manga- 
nese peroxide  only  evolves  oxygen  at  a  strong  red  heat,  and  therefore 
oxygen  can  only  be  obtained  from  it  in  iron,  or  other  metallic,  or  clay 
vessels.  This  used  to  be  the  method  for  obtaining  oxygen.  Manganese 
peroxide  only  parts  with  one-third  of  its  oxygen  (according  to  the 
equation  3Mn02=Mn304H-0.2),  whilst  two-thirds  remain  in  the  solid 
substance  which  forms  the  residue  from  the  heating.  Metiillic  peroxides 
are  also  capable  of  evolving  oxygen  on  heating  with  sulphuric  acid. 
They  then  evolve  so  much  oxygen  as  is  in  excess  of  that  necessary  for 
the  formation  of  the  base,  the  latter  reacting  on  the  sulphuric  acid 
forming  a  compound  (salt)  with  it.  Thus  barium  peroxide,  when 
heated  with  sulphuric  acid,  forms  oxygen  and  barium  oxide,  which  gives 
a  compound  with  sulphuric  acid  which  is  termed  barium  sulphate 
(Ba02  +  H2S04  =  BaS04  4-H20H-0).  This  reaction  usually  proceeds 
with  greater  ease  than  the  decomposition  of  peroxides  by  heat 
alone.  For  the  purposes  of  experiment  powdered  manganese  peroxide  is 
usually  taken  and  mixed  with  strong  sulphuric  acid  in  a  flask,  and  the 
apparatus  set  up  as  shown  in  Fig.  28.     Tlie  gas  which  is  evolved  is 

®  We  shall  afterwanls  see  that  it  is  only  substances  like  bariiun  peroxide  (wliich 
give  hydrogen  peroxide)  which  should  be  counted  as  true  i>croxides,  and  tliat  MnO,.,  PhO.i, 
&c.,  should  be  distinguished  from  them  (they  do  not  give  hydrogen  peroxide  with  acids, 
but  give  clilorine  with  hydrochloric  acid),  and  therefore  it  is  best  to  call  them 
dioxides. 
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passed  through  a  Woulfe's  bottle  containing  a  solution  of  caustic  potash, 
to  purify  it  from  carbonic  anhydride  and  chlorine,  which  accompany  the 
evolution  of  oxygen  from  commercial  manganese  peroxide,  and  the  gas  is 
not  collected  until  a  thin  smouldering  taper  placed  in  front  of  the  escape 
orifice  bursts  into  dame,  which  shows  that  the  gas  coming  off  is  oxygen. 
By  this  method  of  decomposition  of  the  manganese  peroxide  by  sul- 


Pio.  28.— Prepftration  of  oxygen  from  matifraiiese  i^roxide  and  sulphuric  aci<l. 
in  paaseil  through  a  Woulfe*8  bottlo  containing  caustic  potash. 


Tlie  gas  evolved 


phuric  acid  there  is  evolved,  not,  as  in  heating,  one-third,  but  one-half 
of  the  oxygen  contained  in  the  peroxide  (Mn02  +  H2S04=MnS04  + 
HjO  +  O) — that  is,  from  50  grams  of  peroxide  about  7^  grams,  or 
about  5^  litres,  of  oxygen,^®  whilst  by  heating  only  about  3^  litres  are 
obtained.  The  chemists  of  Lavoisier's  time  generally  obtained  oxygen 
by  heating  manganese  peroxide.  Now  there  are  more  convenient 
methods  known. 

3.  A  third  source  to  which  recourse  may  be  had  for  obtaining 
oxygen  is  represented  in  aci/f^  and  scdts  containing  much  oxygen,  and 
which  are  capable,  by  parting  with  a  portion  or  all  of  their  oxygen, 
of  being  converted  into  other  compounds  (lower  products  of  oxida- 
tion) which  are  more  difficultly  decomposed.  These  acids  and  salts 
(like  peroxides)  evolve  oxygen  either  on  heating  alone,  or  when 
heated  with  some  other  substance.  Sulphuric  acid  may  be  taken 
as  an  example  of  an  acid  which  is  decomposed  by  the  action  of  heat 
alone,"  for  it  breaks  up  at  a  red  heat  into  water,  sulphurous  anhydride, 

1®  Scheele,  in  1785,  diBcovered  the  method  of  obtaining  oxygen  by  treating  manganese 
peroxide  with  ftalphuric  acid. 

11  All  acids  rich  in  oxygen,  and  especially  those  whose  elements  form  lower  oxides, 
evolve  oxygen  either  directly  at  the  ordinary  temperature  (for  instance,  ferric  acid),  or  on 
heating  (for  instance,  nitric,  manganic,  chromic,  chloric,  and  others),  or  if  hasic  lower 
oxides    are    formed    from   them,  by  heating    with    sulphuric   ncid.    Thus    the    salts 
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and  oxygen^  as  wa.^  mentioned  befojT.     Priestley,  in  1772,  and  Scheele,! 
8«*niewhat  later,  obtained  oxygen  by  heating  nitre  to  a  red  heat.     The^l 
IjeNt  exatnples  of  the  formation  of  oxygen  by  the  heating  of  salts  is  given 
in  pofanmrum  chJoratt^  or  Berth  olio  t*s  salt,  so  called  after  the  French 
chemist  who  discovered  it.     Potassium  ehlomte  is  a  salt  composed  of  j 
the  elements  pot^issium,  chlorine,  and  oxygen,   KCIO3.     It  cK-eui^s  asj 
transparent  colourless  plates,   is  soluble   in   water,  especially    in  hotl 
water,  and  resemble.s  common  tiible  salt  in  some  of  its  physical  pnifjerties; 
it  melts  on  heating,  and  in  melting  begins  t(»  decompose,  evdlving  oxygen 
gas.     This  decomposition  ends  in  all  the  oxygen  l>eing  evolved  fi*oni 
the  potassium  chlorate,  pot;tssmm  chloride  being  left  as  a  residue,  accoitl- 
ing  to  the  ecjuation  KClOj^KCl  +  O3.'"     This  decnmpusition  proceeds] 
at   a    tenn>eratur€  which   allows  of   its  being   conducteil  in  a    vessel 
made   of    glass.      However,    in   decomposing,    the   molten    poUissiuni 
chlorate  swells  up  and  boils,  and  gradually  solidifies^  so  the  evolutitm  of 
the  oxygen  is  not  regular,  ami    the  ghu5s  vessel  may  ei*ack.     In  order  1 
to   overcome   tins   inconvenience,    the   potassium  chlorate    is  ct*uslied 
and  mixed  with  a  powder  of  a  substance  wliich  is  incapable  of  com- 
bining witli  tlie  oxygen  evolved,  and  which  is  a  good  conductor  of  heat. 
Usually  it  is  mixed  with  luanganese  pieroxide.^^     The  decomposition  of  , 
the  potassium  chlorate  is  then  considerably  facilitated,  and  proceeds  at  | 
a   lower  temperature  (liecanse   the  entii'e  mass  is  then  l>etter  lieaterl, 
both  externally  and  internally),  without  swelling  up,  and  is  therefore 
more   convenient    than    the  decomfM*sition   of    the   salt    alone.     This 
method  f*>r  the  preparation  of  oxygen  is  very  convenient  ;  it  is  generuUy 
employed  when  a  sjiiall  ijuantity  of  oxygen  is  recjuireti.  Further,  potas- 
sium chlorate  is  easily  obtained  pure,  and  it  evolves  much  oxygen.  100  I 
grams  of  the  salt  give  as  much  as  HO  grams,  or  50   litres,  of  oxygen. 
This  method  is  so  simple  and  easy,^'  that  a  course  of  practical  chemistry 


of  oliraiuic  Hcid  <for  instance,  potd»i»ium  diclircimiite,  KjCr^O;)  i^ive  oxygen  with 
fitilphorie  ju'iii ;  first  potdf^Hium  sulphftt*,  KjHOi^  iis  formed,  and  then  tb«  chromic  ooid  set 
free  givei*  a  sulphuric  acid  aalt  of  tbp  lower  oxide,  Cr-jOj. 

^'  ThiK  rtntction  i»  nol  revernible,  and  ib  e^cothermal^ — that  is,  it  does  not  abaorb  lie*t,^ 
but,  on  the  contmry,  ev^dves  0718  calories  per  molecular  weight  KCIO;,,  equal  to  1^9 
purttt  of  Halt  (iiocordiiig  tu  thw  detfrinination.  of  Tlionmeii,  who  burnt  hydrogen  in  a 
ciLloHmetcr  either  alont*  or  with  il  definite  quantity  of  ]K)tiiHsiom  cltloriite'  mixed  with  j 
oxide  of  iron).  It  dines  not  proroed  iit  once,  but  first  fornn  jX!rcldoriit«t  KClO^  isr^tf  1 
Chlorine  and  PoiMHuiuuiK  II  i^  lo  be  remarked  thi\t  potiiKgium  chloride  melts^  ut  TitS'^,  | 
IKjtaRHinni  cldorate  fl-t  872",  and  piHuHHiiim  perch lorate  ut  010  . 

'-''  The  peroxide  does  in»t  e  vol ve  oxygen  io  this  case^  It  may  be  replaced  by  nmiiy  nxid«'4 
— for  inrttiiiK' e,  by  oxide  nl  mm.  It  ii*  iieceftsary  to  take  the  precaution  that  no  ci>mbnstil>li«» 
BiibtitatK'fH  i^tuch  AH  bit»4  uf  paper,  spliuterB^  sulphur,  ^c^.)  fall  into  the  mixture,  as  ibey 
miKhl  CHUae  all  lexploision. 

^^  Thi*  detiuinpoiiition  of  a  mixture  of  melted   and  well-cruohed  potassium  chloraia  J 
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is  often  commenced  by  the  preparation  of  oxygen  by  this  method,  ami 
of  hydrogen  by  the  aid  of  zinc  and  sulphuric  acid,  all  the  more  as 
these  gases  enable  many  interesting  and  striking  experiments  to  be 
made.** 

A  solution  of  blenching  powder,  which  contains  calcium  hypo- 
chlorite, CaCljOj,  evolves  oxygen  when  gently  heated  with  the  ad- 
dition of  a  small  quantity  of  certain  oxides — for  instance,  cobalt 
oxide,  which  in  this  case  acts  by  contact  (see  Introduction).  Of 
itself,  a  solution  of  bleaching  powder  does  not  evolve  oxygen  when 
heated,  but  it  oxidises  the  cobalt  oxide  to  a  higher  degree  of  oxidation  ; 
this  higher  oxide  of  cobalt  in  contact  with  the  bleaching  powder,  decom- 
poses into  oxygen  and  lower  oxidation  products,  and  the  resultant  lower 
oxide  of  cobalt  with  bleaching  powder  again  gives  the  higher  oxide, 
which  again  gives  up  its  oxygen,  and  so  on.*®  The  calcium  hypo- 
chlorite is  here  decompose<l  according  to  the  equation  CaCljOjs 
CaCl2-h02.  In  this  manner  a  small  quantity  of  cobalt  oxide'^  is 
suihcient  for  the  decomposition  of  an  indefinitely  large  quantity 
of  bleaching  powder. 

with  powdered  manganese  peroxide  proceeds  at  t»o  low  a  temperature  (the  salt  doefi  not 
melt)  that  it  may  be  effected  in  an  ordinary-  g\tk»s  flank.  As  the  reaction  is  exothermal,  the 
decomposition  of  potassiom  chlorate  with  the  formation  of  oxygen  may  probably  be 
acoompUshed,  under  certain  conditions  (for  example  under  contact  action),  at  very  low 
temperatures.  Substances  mixed  with  the  potassium  chlorate  probably  act  partially  in 
this  manner. 

^^  Many  other  salts  evolve  oxygen  by  heat,  like  potassium  chlorate,  but  they  only 
part  with  it  either  at  a  very  strong  heat  (for  instance,  common  nitre)  or  else  are  on- 
suited  for  use  on  account  of  their  cost  (for  instance,  potassium  manganate),  or  evolve 
impure  oxygen  at  a  high  temperature  <  for  instance,  zinc  sulphate  at  a  red  heat  gives 
a  mixture  of  sulphurous  anhydride  and  oxygen  t,  and  are  not  therefore  used  in  praC' 
tice. 

"^  Such  is,  at  present,  the  only  po^^ible  method  of  explaining  the  phenoni#t)on 
of  contact  action.  In  many  cases,  as  here,  it  is  supported  by  observations  based  fm  facts. 
Thus,  for  instance,  it  is  known,  as  regards  oxygen,  tliat  often  two  substances  rich  in 
oxygen  retain  it  so  long  as  they  are  separate,  but  directly  they  come  into  contact 
free  oxygen  is  evolved  from  both  ol  them.  Thus,  an  aqueous  solution  of  hydrogen 
peroxide  (containing  twice  as  much  oxygen  as  water  ■  acts  in  this  manner  on  silver  oxide 
(containing  silver  and  oxygen  >.  This  reaction  taken  place  at  the  ordinary  temperature, 
and  the  oxygen  is  evolved  frwn  both  compounds.  To  this  class  of  phenomena  may  be 
also  referred  the  fact  that  a  mixture  of  barium  peroxide  and  potassium  manganate  with 
water  and  sulphuric  acid  evolves  oxygen  at  the  ordinary  temperature.  It  wrmld  seem 
that  the  essence  of  phenomena  of  thi<t  kiiifl  is  entirely  and  purely  a  prrjperty  cjf 
contact ;  the  dUtnbutirjn  of  the  atr>m!i  i^  changed  by  contact,  and  if  the  equilibrinm  }f 
unstable  it  is  de*»troyed.  Thi*  !«»  especially  clear  for  <iubi*tances  which  change  exother- 
mally — thi^  is,  fear  those  reactions  which  are  accompanied  Yry  an  evolott^m  of  heat.  The 
decompontion  CaCLO^-CaCL -O^  V^ek/n/H  to  thi;*  clas-*  thke  the  <lec/>mf*^#4iiti/^m  rA 
potassium  chlorate >. 

''  GeneraUya  *oltxtionof  bleathinjf  ift-KfXcr  !•»  alkaline  (contains  free  lime;,  and,  there- 
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The  properties  ofoxygtin.^^ — ^It  is  a  pernianent  ;L;as— that  is,  it  can- 
not lie  liquefied  by  pressui*e  at  the  ordinary  temperature,  and  further, 
is  only  liquefied  with  diffieulty  (although  more  easily  than  Imhvjgeu)  at 
temperatwreK  Mow  — 120^,  because  this  is  its  alisolute  boiling  point. 
As  its  critical  pi-essune  ^^  is  about  50  atmospheres,  it  can  be  easily 
t  liquefied  under  f>res8ureB  greater  than  50  atmospheres  at  temperatures 
below— rJO"*.  Pictet  obtaitied  liquid  oxygen  at  —  140 \  liy  employing  a 
pressure  above  100  atmospheres.  According  to  Dewar^  the  deosity  of 
oxygen  in  a  critical  state  is  0"C5  (waters  1),  but  it,  like  all  other  sub- 
stances in  this  state, ^^  varies  cotiBiderably  in  density  with  a  cliauge  of 
pressure  and  temperature,  and  therefore  many  investigators  who  made 
their  observatioiis  under  high  pi  essures  give  a  greater  density,  as  much 
as  1*1.  Oxygen,  like  all  gases,  is  transparent,  and  like  the  majority  of 
gases,  colourless.  It  has  no  smell  or  taste,  which  is  eviileiit  from  the 
fact  of  its  Ijeing  a  compunent  of  air.  The  weight  of  one  cubic  centi- 
metre in  grams  at  0"^  and  760  mm,  pressure  is  0'001i2i*8  grams,  and  a 
litre  weighs  1*4298  grams  ;  it  is  therefore  slightly  denser  than  air. 
Its  density  in  respect  to  air^l*10r>ri,  and  in  respect  to  hydrogen  :=  16 
(more  exactly  15*96)/^^ 


fore,  H.  soluiiiiii  of  c^jbalt  chloride  is  added  diroctly  to  it,  by  uliieli  lUtianH  the  oxide  of 
cobftlt  required  for  tlie  retiction  is  fottnefL 

1^  It  iiiubtlK':  rennLrked  tluit  in  all  the  alH>ve^ited  reiM!!tioii»,  the  formation  of  Oicygen 
may  be  pr^veiit^d  by  i\\^  liiiuiixture  of  suhtitaiiueK  cA^Nibli^  of  (jombininjr  with  it— for 
exjiiiiple,  churcflnl,  many  carbon  (organic)  coiii{»oiiiidR,  i*«lphwr,  phoKpLoru**,  and  variotig 
lower  oxidation  productn,  ttc^*  T}ie»e  unbHtaiioeH  ubHcirb  the  oxygen  evolved,  combine 
with  it»  and  a  conipound  containing  oxygt^n,.  but  not  free  oxygen,  ia  formed^  Thu8,  if  a 
mixture  of  i>ott<iHi^ium  chlorate  and  charcoal  be  heated,  no  nicygen  is  obtained,  bnt 
an  explosion  takeH  place  from  the  rapid  formation  of  gases  resulting  from  the  com- 
bination of  the  oxygon  of  the  pota^siuin  chlorate  with  the  chjircoaL 

The  oxj'gen  obtained  by  any  of  the  above- dei*cribed  iiiethods  is  rarely  pare.  It 
generally  contains  aqiieomi  vapour,  from  which  it  may  be  freed  by  ptit;sin|t  it  over  calcinin 
chloride,  which  r«tainM  the  water,  Besidca  this,  th»*  oxygen  nearly  always  conLaina 
trac€B  of  carbonic  anhydridei,  aiid  very  often  Kmall  traces  of  r^hlorine.  The  oxygen  may 
be  freed  from  theH.e  inipiiritie»  by  paK*<ing  it  throygh  a  Holiition  of  eauHtic  fwrtaah. 
ThiB  18  done  in  Woulfe'w  bottlcH,  as  was  dt^HcrihtHl  in  the  hint  rluipter.  If  the  potafteitim 
chlorate  be  dry  and  ptire^  it  Kivew  almost  jmre  oxygenn  However,  if  the  oxygen  be 
denigued  for  Fetjpiration  in  caseft  of  eiickne»B,  it  should  be  wiiHbed  by  paht^ing  it  through  a 
Holution  of  can»tic  alkali  and  tbrougb  water.  The  bent  way  to  obttvin  pure  oxygen 
directly,,  is  to  take  potat^Rium  perehlonate  (KClO^),  whirh  can  be  well  purified  <md  then 
evolves  pure  oxygen  on  heating. 

^*  Concerning  the  ahgolute  boiling  point,  critical  preiiaun*,  and  on  the  critical  state  in 
general,  see  Chap  IL  Notes  *iO  and  B4, 

^  Judging  from  what  has  been  Bftid  in  Note  94  of  the  last  chapter^  and  also  from  the 
resultti  of  direct  observatiou,  it  ih  evident  that  all  HiibBtance»  in  a  critical  wtat«  have  a 
large  coefficient  of  eximnftion^,  and  that  they  are  very  compreaaible. 

'^  Aft  water  conaititft  of  X  volume  of  oxygen  and  2  volanieH  of  hydrogen,  and  contains 
Id  jmrts  by  weight  of  oxygen  per  2  parts  by  weight  of  hydrogen,  it  therefore  already 
(ollowH  front  thiH,,  that  oxygen  is  10  times  detiuer  than  hydrogen.    CunverKely,  the  com- 
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In  its  chemical  properties  oxygen  is  remarkable  from  the  fact  that 
it  verjr  easily — and,  in  a  chemical  sense,  vigorously — reaction  a  number 
of  substances,  formin;^  oxy^'eii  compounds.  However,  only  a  few 
substances  and  mixtures  of  substiinces  (for  example,  phosphorus,  copper 
with  ammoni'i»  decomposing  organic  matter,  aldehyde,  pyrogallol  with 
an  alkali,  *tc.)  combine  ilirectly  with  oxygen  at  the  oiTJinary 
temperature,  whilst  many  substances  easily  combine  with  oxygen  at  a 
red  heat,  and  often  this  combination  presents  a  rapid  chemical  reaction 
aceompkanied  by  the  evobttiori  of  a  large  quantity  of  heat.  Every 
reaction  which  takes  place  rapidly,  if  it  be  accompanied  by  so  great  an 
evolution  of  heat  as  to  produce  incandescence,  is  termed  canihustion. 
Thus  combustion  ensues  wlien  many  uiet^ils  are  plunji^e*!  int<:j  chlorine, 
or  oxide  of  sodium  or  bariiyn  into  cailiomc  anhydride,  or  when  a  spark 
falJs  on  gunpowder*  A  gi^at  many  substances  are  combustible  in 
oxygen,  and,  owing  to  its  presence,  in  air  also.  In  order  to  start 
combustion  it  is  generally  iieeessjiry^^  that  the  comlmstiiile  substance 
should  be  brought  to  a  state  of  incandescence.  When  once  startefl — 
i,e.,  wlven  once  the  incandescent  portion  of  the  substance  begins  to 
combine  with  oxygen- — then  combustion  will  proceed  uninteri'uptedly 
until  either  all  the  comVjustibl a  substance  or  all  the  oxygen  is  consumed. 
The  continuation  of  the  process  does  not  require  the  aid  of  fresh 
external  beat,  liecause  sufficient  heat^^  is  evolved  to  raise  the  tempera- 
ture of  the  remaining  parts  of  the  combustible  substjince  to  the  ret)uire<l 

position  of  water  by  wfiijjlit  may  he  jle<ltJced  from  the  deoiiititis  of  iiydrogen  and  oxygen, 
mnii  tlie  X'ulumetrie  compKiiHitiori  of  water.  This  kind  of  rauLnifil  and  opposite  correetiou 
ifl  A  method  which  Htreu^'th*!?!is  the  prftcticid  duta  of  the  exact  Bciences,  whose 
Qonolosiona  r<?t]uire,  above  lill  thin^jK,  the  greatest  posBible  exactitude  and  variety  of 
«oiT©ctionfi, 

It  muAt  be  observed  thiit  the  specific  beat  of  oxygen  itt  consttuit  prenfture  is  O'^ITS, 
ccmseqaently  it  l»  to  the  upecific  heat  of  hydrogen  <^8'4041|  us  1  is  to  15'6«  Hence>  the 
specific  heatii  are  inversely  proj^iortional  to  the  weights  of  eqasl  voliimefi.  Thin  signifies 
that  eqtial  voltiineM  of  both  ganetf  liave  (fiearly  I  ecpiiil  specific  heats — that  is,  ihey  require 
AD  equal  quantity  of  heat  for  rai«(in}£  their  tenij>eraiture  by  l'^.  We  nhall  afterwardt*  con- 
Rider  the  specific  heat  of  different  Bob^tiinces  more  f ally ♦  and  we  will  uott  therefore,  linger 
over  it  at  present. 

Oxygent  like  the  majority  of  difficulty-lifjuefiable  ganes,  i»  but  slightly  soluble 
in  wtiter  and  other  liquids.  At  the  ordinary  temperature,  100  voltiines  of  water  dlgsolve 
aboat  8  volames  of  oxygen,  or  more  exactly,  at  0°  41  vols,,  at  10°  3'8,  and  at  20°  9-0 
(meftsnring  the  vohnnea  at  the  Hanie  temperature  as  the  water).  From  thii^  it  is  evident 
tluit  water  standing  in  air  most  abHorb— ?.<■.,  dii«i.s<^dve— oxygen.  This  oxygen  serves  for 
the  respimtion  of  tliibes.  Fishes  cannot  exiMt  in  bfdletl  water,  because  itdoes  notcontiun 
the  oxygen  necessary  for  their  reKpiratton  (*ii^^  Chap.  1,). 

*•  Certain  substances  (with  which  we  shall  afterwarda  become  actjuainted),  however, 
inflame  of  iheni selves  in  air ;  for  example,  impure  phosphuretted  hydrogen,  silicon, 
hydride,  sine  ethyl,  and  pyrophoniH  (very  finely  divided  iron,  ttc), 

'^  If  «u  little  heat  is  evtdved  that  the  adjacent  parts  are  not  heated  to  the  tempera- 
ture of  combastion,  then  combustion  will  cease. 

M  2 


1(1 1 


rRINCIPLES   OF   CHEMISTKV 


ilrgreo.  Examples  of  this  are  familiar  to  all  from  e very-day  experience. 
Combustion  proceatls  in  oxygen  with  rjj^ater  rapidity,  and  is  acconi- 
pained  by  a  more  powerful  iiicancleseenee,  than  in  ordinar}'  air.  This 
may  be  rlemoiistrated  by  a  number  of  \'ery  convineing  experijuents^  If 
a  piece  of  charcoal,  attached  to  a  wire  and  previously  brought  to  red- 
beat,  be  plungttd  into  a  flsisk  full  of  oxygen,  it  rapidly  burns  at  a  white 
heat — I.e.,  it  e<onl>ines  with  the  oxygen,  forming  a  gaseous  product  of 
cond:)astion  called  carbonic  anhydride,  t»r  carbonic  acid  gas.  This  is  the 
same  gas  that  is  evolveil  in  the  act  of  respii^tion,  for  charcoal  is  one  of 
the  substances  which  is  olitained  by  tJie  tlecoiii position  of  all  organic 
substances  whicfi  contain  it,  and  in  the  process  of  respiration  pirtof  the 

constituents  of  the  body,  s<>  to  speak,  slowly 
/  burn.    Ilf  a  piece  of  Ivurning sulphur  lie  laid  on 

/  a  small  cup  attaclied  to  a  wire  and  be  placed 

Jjm  in  a  dask  full  of  oxygen,  then  the  sulphur, 

^aS!^^  which  burns  in  air  with  a  very  feeble  Hame, 

'  burns  in    tbe   oxygen    with  a  violet   dame, 

which*  although  pale,  is  niuch  larger  than 
in  air.  If  the  sulphur  bt^  exchanged  for  a 
piece  of  phosphorus,'-^  tben»  unless  the  phos* 
phurus  be  heated ^  it  oondiines  very  slowly 
with  the  oxygen  ;  but»  if  heated,  although 
on  only  one  spot,  it  burns  with  a  very  bril- 
liant white  flame,  which  is  unbeJirable  to 
the  sight.  In  order  to  heat  the  phiksphorus 
inside  the  flask^  the  most  simple  way  is  to  bring  a  red-hot  wire  into  con- 
tact with  it.  Before  the  charcoal  can  burn,  it  must  be  bniught  to  a  state 
of  incandescence.  Sulphur  also  will  not  l>urn  under  100^  whilst  phos- 
phorus inflames  at  40^.  Phosphorus  which  has  1>een  already  liglited  in  air 
cannot  so  well  be  introduced  into  the  flask,  because  it  bums  very  rapidly 
and  with  a  large  iaiue  in  air.  If  a  small  lump  of  metallic  sotitum  be  put 
in  a  small  cup  made  of  lime,^'^  melteil,  and  inflamed,-^  then  it  burns  very 
feebly   in  air.     But  if  burning  sodium   l>e  innnersed  in  oxygen,  the 


fibur.  pliofl  ■ 


pbur.  pli04pliortita.  ftudtuni,  Ac, 


"^  Thf  jilioBpbonis  must  b«  dry ;  it  ia  URUiLlly  kept  in  water,  as  it  ox]di§«B  in  ^ir.  It 
fihoald  be  nut  under  wiiter,  iih  otherwiMf  the  freBhly-cnt  biirfiice  oxidiftei*.  It  must  t*e  dried 
dLrefully  and  quickly  by  wrapping  it  in  blotting-pujwr.  If  dump,  it  spIutter.Hin  burtiiii|f, 
A  A  mall  piece  nhoutd  be  taken,  a»  utherwvim^  the  iron  niwiion  \v\]l  melt.  In  this  tnud  tU© 
otber  experimentsi  on  combuNtian,  wuier  nluntkl  be  poured  over  tbe  bottom  of  tbe  v&ssel 
«jijntainiiig  tbe  oxyt<en,  t*>  pieveiit  it  from  cratking.  Tlie  tork  t' losing  the  vessel  should  not 
fit  tightly,  otberuiw:'  it  tmiy  fly  off  with  ih*'  ^K>oll  and  burning  subwtiLnce,  o\riiig  to  tlu* 
&xpan»iioit  due  to  the  heat  of  tbe  rnmbuHtioij. 

'"*  An  iron  c:U|)  will  melt  with  Kmltun)  in  oxygen. 

'^  In  order  to  rnpidly  heat  the  lime  rrueible  with  tbe  nndium,  they  arc  heated  in  ibe 
flame  of  a  blow-pipe  deRcrilied  in  Chap,  VIII. 
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combustion   is  iin  igonited  and  is  accoriipanied  by  a    brighter  yellow 

flame,      Metallic  mmjnrttium^  which  burns  brightly  in  air,  continues  to 

burn  with  still  greater  vigour  in  oxygen,  fonning  a  white  powder, 

which  is  a  compountl  of  magnesium  with  oxygen  (magnesiuiik  oxide  ; 

magnesia)*    A  strip  nf  iron  ur  steel  dues  not 

bum  in  air^  but  an  iron  wire  or  steel  spring 

may  be  easily  burnt  in  oxygen.      A    innch 

larger  piece  of  iron  might  naturally  be  burnt 

if  it  only  were  convenient  to  heat  it  to  the 

required  degree/^'     The  combustion  <A  steel 

or  iron  in  oxygen  is  not  accompanied  by  a 

flame,  but  sparks  of  oxide  Hy  in  all  directions 

frvm  the  burning  portions  of  tlie  iron.^*^ 

In  order  to  demonstmte  by  experiment 
the  combuMion  of  hi/drt*t/e7i  in  oxygett,  a  gas- 
oonducting  tube,  bent  so  os  to  form  a  con- 
venient jet,  is  led  fi-oni  tlie  vessel  evolving 
hydrogen.     The  hydrogen    is  first  set  light 

to  in  air,  and  theti  the  gas-conducting  tube  is  let  down  into  a  flask 
containing  oxyg< n.  The  combustion  in  oxygen  will  be  similar  to 
that  in  air  ;  the  fiame  remains  pale,  notwithstanding  the  fact  that  its 
temperature  rises  consideraljly.  It  is  instructive  to  remark  that  oxygen 
may  l>um  in  hydrogen »  just  as  hydrogen  in  oxygen.  In  order 
to  show  the  combustion  of  oxygen  in  hydrogen,  a  tube  l)ent  vertieully 
upwaixls  and  ending  in  a  tine  orifice  Is  attached  to  the  stop-cock  of  a 
gas  holder  full  of  «ixygen.     Two  wires,  placefl  at  such  a  distance  from 


*'  In  order  to  burn  a  watcb  sprini?,  li  piece  of  tinder  (or  paper  lioaked  in  &  solution  of 
nitre,  and  itried)  h  attached  to  one  end.  The  tinder  is  lij^hted,  mid  the  spring  i»  Uien 
ploiitfed  ijitii  thfj  oxygen.  The  humiiig  tinder  heatw  the  f  nd  of  the  spring,  tli«  he»il«d 
part  hnruH,  and  in  so  doing  heut«  the  fuilber  portions  of  Uie  spring,  which  thuH  entirfcly 
biuiiA  if  enough  oxygen  in  pre  Kent. 

**  The  Hparka  cif  rust  art  prmluced  hy  reouion  of  the  vol  time  of  the  oxide  of  iron  being 
nearly  twice  tliafc  of  the  \Tjltime  of  the  iron,  and  tm  the  heat  evolved  is  not  Btitficient  to  en- 
tirely melt  the  oxide  or  the  ir^ni,  the  particlea  mnnt  be  torn  off  and  fly  about,  bimilur 
«piurke  are  formed  in  the  comb iint ion  of  iron,  in  other  ciiscB  al»o.  We  saw  the  eouibu»tion 
of  ironfilingi»  in  the  Introduction.  In  the  welding  nl  iron  amiiil  iron  Hplintern  fly  off  in  aU 
directioDM  and  burn  in  the  air,  an  ih  iteen  from  the  fiiet  that  whilst  tlying  through  tlie  idr 
they  remain  red  hot,  and  also  becau;»e,  on  cooling,  tbey  are  ueen  to  be  no  lunger  irun^  but 
JL  coinpound  of  it  with  oxygen.  The  mame  thing  takea  place  when  t}ie  hammer  of  a  gun 
atrikeft  against  the  Hint.  Small  ticalea  of  uteel  are  heated  by  the  friction^  Hud  glow  and 
bum  in  the  air.  Tlie  combustion  of  iron  is  utill  better  syen  by  taking  it  aa  a  very  fine 
powder,  ftuch  as  is  obtained  by  the  deeomjKjsition  of  certain  of  its  compounds — for 
instiuiee,  by  heating  PrasHian  blue,  or  by  the  reduction  of  its  compounds  with  oxygen  by 
hydtvigen ;  when  this  fine  powder  ia  strewn  in  air,  it  burn  is  by  itwilf,  even  witliout  beiii|$ 
|>r«vioaHly  heated  (it  fonnii  a  pyrophonjn).  This  obviously  depends  on  the  fact  that  the 
powder  of  iron  pre«ent9  a  larger  hurface  of  contibct  with  air  than  an  equal  weight  in  a 
comp*ct  form. 
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each  other  &s  to  allow  the  passage  of  a  constant  series  of  sparks  from  a 
Huhmkortfs  coil,  are  tijxed  in  front  of  the  orifice  of  the  tuhe.  This  is 
in  order  to  ignite  the  oxygen^  which  may  also  be  done  by  attnch- 
iiig  tinder  round  the  orifice,  and  burning  it.  When  the  wires  are 
arranged  about  the  oriEue  of  the  tube,  and  a  series  of  spirka  piisses 
between  them,  then  an  inverted  {because  of  the  lightness  of  the  hydro- 
gen) jar  full  of  hydro^^en  is  placed  over  the  gas-conducting  tube* 
When  the  jar  covers  the  orifice  of  tlie  gtts-coiKlucting  tulje  (and  nut 
before,  as  otherwise  an  explosion  iiiight  take  place)  the  cock  wf  the  gaso- 
meter is  opened,  anfi  the  oxygen  flows  into  the  hydrogen  and  is  set  light 
to  by  the  sparks.  The  flame  obtained  in  similar  to  that  formed  by  the 
combustion  of  hydrogen  in  oxygen.-''  From  tliis  it  is  evident  that  the 
flame  is  the  locality  where  the  oxygen  combines  with  the  hydrogen^ 
therefore  a  flam©  of  burning  oxygen  can  be  obtained  as  well  as  a  flame 
of  burning  hydmgen. 

If,  instead  of  hydrogen,  any  other  combustible  gas  be  taken — for 
example,  ordinary  coal  gas — then  the  phenomenon  of  combustion  will 
be  exactly  the  same,  only  a  bright  flame  will  be  obtained,  and  the 
pi*oducts  of  combustion  wifl  be  different.  However,  as  lighting  gas 
contains  a  considerable  amount  of  free  and  combined  hydrogen,  it  will 
also  form  a  considerable  tjuajitity  of  water  in  its  combustion. 

If  hydrogen  be  mixed  with  oxygen  in  tlie  proptntion  in  which  they 
form  water — i.t.,  if  twu  volumes  of  hydrogen  be  taken  for  each 
volume  of  oxygen— then  the  mixture  will  be  the  same  as  that  obtained 
by  the  decomposition  of  water  by  a  galvanic  current — detonating 
gas. 

We  have  already  merit ionetl  in  the  Wt  chapter  that  the  combination 
of  these  gases,  or  their  explosion,  may  be  brought  about  by  the  action  of 

^  Tlie  e^cperiment  may  be  oouducteil  witlioot  tJie  wires^  if  the  liydrojfen  be  liglited  in 
the  orifice  nf  n  eyliuder.  lind  k\i  the  Hame  time  the  eyliiider  be  broQj^ht  over  the  end  of  u. 
gKft-condiictiii^  tube  coiinoctod  witli  a  gasholder  contftmiiiif  oxygen.  Thoiiii»eii'fi  nR-thod 
timy  be  adopted  for  a  letturt^  experiment.  Two  glasi*  tttbes,  with  pbitinum  eiidi^,  are 
ptLsaed  tlirough  arificeH,  about  1-1 1  ceiiliiiicitrcK  aptii-t,  in  &  cork.  One  tube  ia  connt*et«!d 
with  a  gitfi'bolder  contiiininjt  oxj'geu^  and  Ihe  other  with  i\  jjjf!.H- holder  full  of  hydrogen. 
Htt^'inof  turned  on  the  ga^en,  the  hydrogen  In  lighted,  and  a  common  lamp  glass,  tapering 
lowArds  the  top,  ia  placed  over  the  cork.  The  hydrogen  coiittniieH  to  bum  iuiriide  the 
lamp  gla^s,  at  the  exjUiUBe  of  the  ojtygen.  If  the  current  of  oxygen  he  then  little  by  little 
decreA«ed,  a  point  ia  rea^'hed  when,  owing  to  the  insmMcient  supply  of  oxygen,  tbe flame 
of  the  hydrogen  inereaaeH  in  sixo,  di3!^kqfpeara  for  jteveral  momenti^,  and  then  reaj^peatH  at 
the  tube  supplying  the  cxjgen.  If  tbt^  flow  of  oxygen  be  again  iner**a»ed,  the  dame  re- 
appears at  th**  bydrogeij  tube.  TIiuh  tht*  flame  may  he  made  to  appear  at  one  or  tht?' 
other  tube  at  ifilb  tmly  the  inereuM^  or  deiTease  of  the  current  of  gAn  must  be  by 
degrees  and  not  Huddenly.  Furtlier^.  air  may  be  taken  instead  of  oxygen,  and  ordinary 
COftlogas  intitead  of  bydrugeUj  und  it  will  then  be  shown  how  »vtr  buniH  in  aii^  atmospbore 
of  coal-gas,  and  it  cixn  eai^ily  l>e  proved  that  the  lamp  gluas  i»  full  of  a  gaa  combutitib!o 
in  atr,  iiecamie  it  may  be  lighted  at  the  top. 
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an  electric  spark,  because  the  spark  heats  the  space 
passes,  and  acts  conseqnentlj  in  a  manner  similar  to 
of  contact  with  an  incandescent  cr  baming  substance. 
oi  a  spark  a  tine  wire  simpl  j 
may  be  taken,  and  an  elec- 
tric current  passed  through 
it  to  bring  it  to  a  state  of 
incandescence  ;  in  this  case 
there  will  be  no  sparks,  bat 
the  gases  will  inflame  if  the 
wire  be  fine  enough  to  be- 
come red  hoc  by  the  passage 
oi  the  current.  CaTendish 
made  this  experiment  on  the 
ignition  oi  detonating  gas, 
at  the  end  of  the  last  cen- 
torr,  in  the  apparatos  shown 
in  fig.  31.  Ignition  by  the 
aid  €i  the  electric  .^park  is 
convenient,  for  the  reason. 
that  it  may  then  be  broogjit 
aboat  in  a  cldsed  vessel, 
and  hence  cfaemist§  still  em- 


throogh  which  it 

ignition  by  means 

In  fact,  inst^id 


l^y  this    method  w^hen    it   is    sjr.   v..    *.x-rtnt\LA:*  «cpaz«OM  Snr  'erfik^tjur  fae&Muc&a^r 

At,    r!i«t  -^.l  -jM  <riMi«i-ng  Ji  '.tat  "juu,  j§  Uitri  -vrOi 

-rjipn.  uu:  v>t  v.iKK  /Iom  t^aumi  x  »  u«a  mnnmi 

ui.t  T.m  »x7ux(f.n  ^r^.rwjvv  Vf  aiAuw  -if  »  vQmtk  Smm. 
«.  L«7  tr»n  ;rtr     A.riw  -«:«  »T;;uM(Aa.  nai*  iMim  piMW  sne 


required  to  ignite  a  mixture 
of  oxyzen  with  a  combus- 
tible i^ks  in  a  closed  T^^aeL 
For  this  purpose  thfrv  now. 
especially  sii^re  BiziL-eii's 
time,**  employ  ac  fW/'/nv?;f^r. 

It  cijffcdsts  o£  a  thii^k  p^^  vir^  znthiskr^  ak<cig  £«>  length  in  miUi' 
nketres  /fr^r  irjii/:3kziz^  ziut  h^^iziit  of  r»l>^  Eoemzry  ^amn;,  ;uul 
caKbraced  i*jr  a  drfLniv:  v.ATiiij^  'w^igrii:  of  niercury/.  Two  pidkti' 
num  wires  are  f^^eti  iiito  ih*  "^pp*^  ^ir^sed  *t^  of  tls#!r  tofjit,  as 
shown  in  fig.  Zz.  Tcj^j  ^Zi.^z  r^e  rK^rsietically  n^skLfA  inzr,  ttuft  cahe, 
so  tKat    th«er«?    v^  r.o   *c»r:r:ur»   irf:    v^w^et.  th^ta   *ryi   ^ii^   gUMiu^' 

*"■   X:^^,   A  rr»t*:  zm^-j    JAt--:   :.*:r»;".r.  i.rsi.*   -.^   vr^^t^iZiV/^    «r.aurt..;i*B*  -JAH^fni^'  Sr.r 

'•-  1=.  'zriwr  "ii   v^  '^-*    v^  — ut-.i-ioi^rftv    .♦  4..#^t    v  rai  jv*»«i^i.'7    tail    r-t  -,n*K:    *ti/< 
be  T€r7  la*. 
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By  tlie  aid  of  the  eudiometer  we  may  not  only  determine  the  vulu- 
metric  composition  of  water,:**  and  the  quantitative  contents  of  oxygen 


^ 


ipWi  '*  The  eodiomeWr  in  uwd  for  detertaitiui^  the  {^•amfJOHition  of  combustible 

^  gas6t.     A  dettiiied  uccount  of  f/an  otmlyniA  would  be  out  of  place  io  th.\»  work 

{tee  Note  3<>),  butj  uh  ah  exiuiijii]!*?,WH  will  j^ivea  nhort  deKcriptiou  of  tbe  deter- 
minatiou  of  tbe  ctmiptiHititm  oi  watf^r  by  the  eudiotinjter. 

Pure  and  dry  oxy^'en  in  first  introduced  iuto  the  eudiometer.  When  the 
eudiometer  and  the  gas  in  it  acquim  the  t^oiiwrature  of  th«  Hurrounditig 
fltmuiiphere — which  is  recvgtiiiied  by  the  fact  of  the  lueniHCUK  of  the  roercary 
not  altering  its  pojiition  during  a  long  period  nf  time— then  the  heigbtH  at 
imhich  the  mercury  standn  in  the  oudinnieter  and  in  the  hath  (ire  observed- 
Tlie  difference  (in  millimetrewf  give?*  the  height  of  the  column  of  mercury  in 
the  eudiometer.  It  fnu»t  b^  reduced  to  tlie  height  at  whicb  the  raert'tiry 
would  stand  nt  0^  and  deducted  from  the  tttmowiiheric  prensurej  in  order  to 
find  the  prefigure  under  which  the  oxygen  is  meAsured  {see  Chap.  I.  Note  20). 
Tb©  height  of  the  mercury  al*a  yhowa  the  volume  of  the  oxygen.  The  tern- 
perature  of  the  biurrnnnding  atmosphere  and  the  heiglit  of  the  barometiic 
column  muf^t  alno  be  observed,  in  order  to  know  the  temiwrature  of  the  oxy- 
gen and  the  tttmoepheric  pressui'e.  When  tlie  volume  of  the  oxygon  hati  been 
meaHUredf  pure  and  dry  hydrogen  ifi  intri[>dneed  into  the  eudiometer,  and  the 
volume  of  the  gasei^  in  the  emiiouieter  tigain  measured.  They  are  then  ex- 
ploded. This*  m  done  by  a  Leydeu  jar,  whose  outer  coating  in  connected  liy 
a  ehain  with  one  wire,  fto  thut  a  Kpark  [patkses  when  the  other  wire,  fuiied  into 
tile  eudiometer,  is  touched  by  the  termiiuiJ  of  the  jar.  Or  else  an  electrophuma 
in  listed,  or,  better  still,  a  RuhinkorfT'ii  eoil^  which  haw  the  advantage  of  work- 
ing equally  well  in  damp  m  dry  air,  whil^^t  a  Leydeu  jar  or  electrical  muchitie 
does  not  act  in  fiamp  weather.  Further,  it  is  necessary  to  clo^e  the  lower 
orifice  nf  the  eudiometer  before  the  explosion  (for  thia  purpoae  the  audio- 
meter, which  ifi  fixed  in  a  ntand.  in  linidy  pre»Hed  down  from  above  on  to  a  pieee 
of  india-rubber  phvced  at  the  bottom  of  the  bath^  aH  otherwij^e  the  mercury 
and  gas  would  lie  tlirown  from  the  apparatus  by  the  explotiion.  It  must 
also  be  remarked  thai  to  euRtire  complete  combuKtion  the  proportion  betwe«*li 
tli<J  voltameti  of  oxygen  and  liydrogen  must  ii<it  exceed  twelvt!  volumes  of 
bydroge^ti  to  one  volume  of  oxygen,  or  fifteen  vohimt*H  of  oxygen  to  o*ie 
volume  of  bydrogen,  becaofie  no  explosion  will  take  place  if  one  of  the  gaiieii 
be  in  great  excedi*.  It  is  be+tt  to  take  a  mixture  «if  "ne  volume  of  hydrogen 
witli  several  volumeiiof  oxygen.  Tlie  combuHtioii  will  then  be  crmiplete.  It  ia 
.  32,_  f^vident  tliat  water  iti  formed,  and  that  the  volume  (or  tenniou)  ir  dimininhed, 
Emhotuutcr,  li,,  that  on  opening  the  end  of  the  eudiometer  the  mercury  will  rise  ia  it. 
But  the  teciaion  of  the  aqneutiM  vapour  is  now  addeii  to  the  ten»iou  of  the 
gaii  remaining  after  the  explosion.  This  mui^t  be  taken  into  account  (Cliap.  I.  Note  1). 
If  there  renuiin  but  little  ga«,  the  water  wliich  i^t  formed  will  be  sufficient  for  its  Aatura- 
lion  with  atpieouw  vapour,  Thih  may  be  learnt  from  the  fact  that  dropR  of  water  ar« 
VlBible  on  the  sidoti  of  the  eudiomet43r  flftt-r  the  mercury  haw  risen  in  it.  If  there  be  nono, 
a  certain  quimtity  of  wat+ir  must  be  iiitrofluced  into  the  eudiometer.  Then  the  number 
of  milluxietrefr  expresaing  the  presbure  of  the  vupour  oorreHponding  with  the  temiterO' 
ture  of  the  experiment  must  be  fiubtractt  tl  from  the  atmo«|>heric  pressure  at  which  the 
rfjmaining  gaji  is  meafiiired,  otherwi»ie  tlie  rei^ult  will  be  inaccurate. 

This  is  eflftentially  the  method  of  the  detenninatiim  of  the  composition  of  water  which 
wiui  made  for  the  first  time  by  Gay-Luti^N&c^  and  Humboldt  with  tiuffieient  acctiracy* 
Theit  determinations  led  them  to  the  conclufiion  that  wat^r  conAiKtH  of  two  volumes  of 
hydrogen  and  one  volume  of  oxygen.  Every  time  they  l*xik  a  greater  ipnmtlty  of  oxygit?n, 
the  gM  remaining  after  the  explotiion  was  oxygen.  l\'hen  they  took  lui  exceai*  of  hydro- 
gen,  the  remaining  gAa  wa«  hydrogen  ;  and  when  the  oxygen  and  hydrogen  were  taken  in 
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in  air,^^  but  also  make  a  number  of  experiments  explaining  the 
phenomenon  of  combustion. 

Thus,  for  example,  it  may  he  tlem  oust  rated,  by  the  aid  of  the 
^Qcliomeler^  that  for  the  ignition  of  tletonatiiijtf  gas  a  dfJinUr  tftnperature 
is  reiiuirecl  If  the  tempei-ature  be  below  that  requii-ed,  combination 
will  not  take  place^  but  if  at  any  spot  within  the  tube  it  rises  to  the 
temperature  of  inflammation,  then  combination  will  ensue  at  that  spot, 
and  e\  olve  enough  heat  for  the  ignition  of  the  adjacent  portions  of  the 
detfjnating  mixture.  If  to  I  volume  of  detonating  gas  there  be  added 
10  volumes  of  oxygen,  or  4  volumes  of  hydnjgen,  or  3  volumes  of 
carlx>nie  anhydride,  then  we  shall  not  obtjiin  an  explosion  by  pii&sing 
a  spark  through  tlie  diluted  mixture*  This  depends  on  the  fact  that 
the  temperature  falls  with  the  dilution  of  the  detonating  gas  by  another 
gas,  because  the  heat  evolved  by  the  combination  i>f  the  small  quantity 
of  hydrogen  and  oxygen  brought  to  ineandescenee  by  the  spark  is  not 
only  transmitted  to  the  water  proceeding  from  the  combination^  but 
also  to  the  foreign  substance  mixed  with  tlie  detonating  gas.'"'^  The 
necessity  of  a  definite  temperature  for  the  ignition  of  detonating  gas  is 
also  seen  from  the  fact  that  pure  detonating  ga^  explodes  in  the  presence 
of  a  red-hot  iron  wire,  or  of  charcoal  s<j  feebly  incandescent  as  to  be 
hai-dly  distinguishable  by  day  light,  but  with  a  lower  degree  of  in- 
candescence there  is  not  any  explosion*  It  may  also  be  brought  about 
by  rapid  compression,  when,  as  is  known,  heat  is  evolved.^'*  Experi- 
ments  made  in  the  eudiometer  show^ed  that  the  ignition  of  dotonjiting 
gas  takes  place  at  a  temperature  between  450°  and  500"^, ^'' 

eiactly  the  above  proportion  neHlier  on*.'  nor  Xha  other  remained.  The  coinpositioii  of 
Wftt«r  wa^*  thus  df  fiuitcly  confirmed. 

55  Qoixitarnm^  this  tiipi»lientinn  of  tht?  fUrlioineter,  Rfe  the  clmpter  on  nitroj(en. 

'* -Thu*  ^  volmnt^  of  furlKjnit' oxkhit  an  eqiitil  vulmne  of  inurbh  pii*,  two  volumes  of 
hydrogen  ehlorule  or  of  ainnioniiL,  and  nix  volumes  of  nitrLigea  or  twelve  volamen  of  air 
•dde^l  to  one  volume  of  detoiiiitin;^  gus,,  prevent  its  exploNicm. 

^^  If  the  cornpresfiion  be  brouj^bt  nbnut  »iilowly,  ho  tltiit  the  heat  evolveNfl  succeeds  in 
pa««iiig  Uy  the  surronnding  spiKe^then  the  Lvinibinfttioii  of  tlie  oxygen  and  hydrogen  doeH 
not  take  pluct^,  even  whun  tht  mixture  iij  eoinpreKHed  by  lot)  times;  for  the  g^itgeH  arc  not 
heated.  If  piiper  «otvked  with  h  hoIuLiou  of  platinuni  (in  Hcjaa  n*,gi<i(  atid  finJ  ammonia€ 
\m  burnt,  theTi  the  iish  oht^iined  cc^utHinH  \vry  finely-divided  plutinnni,  iiiid  in  tlii;^  form 
it  ia  lient  fitted  for  Kettin^  Hji^litto  hydrogen  und  detonating  gas.  Platinuni  wire  retpiires 
to  be  hettted,  hut  pl»tinuiij  in  ho  finely  divided  a  wtak'  as  it  tKcur*  in  this  Htdi  intlaiii«t 
hydrogen,  even  At  —  20  .  Many  other  metiils,  tsoch  hh,  palladium,  iriditiiii>  and  goId«  ftct 
Willi  11  tilight  rii*e  of  teiU|H  niture,  likr?  plrttinum  ;  charcoal,  like  the  unijority  of  finely 
divided  MubtitanceH,  iuflaiue^  detonating  ga^  at  350^,  hut  uiereury,  at  itK  boiling  pointr 
does  not  inAaine  detonating  gat^.  All  data  of  thiu  ktud  nhow  that  tlie  explo«ioti  of 
detcmating  ga*  prenents  one  of  the  many  eutten  of  cotitaet  phemmiena, 

*'  From  tlie  very  beginning  of  tlie  diffusion  tif  the  idea  of  di^^>eiation,  it  might  hnve 
been  iuiAgined  that  reversible  reactionn  of  eiimltmation  {the  formation  of  H^  and  O 
iMkiiigBi  to  thtti  immberi  ettut  at  tffb  Htinie  tem|jeraturo  ah  that  at  which  disi^Kiatioii 
begitM.    And  ao  it  w  in  many  ciifieA,  but  not  alwaya,  &«  ntay  be  i«een  frooi  the  fjicis  i  1  j  that 
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The  combination  of  hydrogen  with  oxygQu  is  accompanied  by  the 
evolution  of  a  very  considerable  amount  of  heat  ;  according  to 
the  (lettrmi nations  of  Favre  and  SUbfrmann^^'^  1  part  by  weight  of 
hydrogt?n  in  fonniiig  water  evolves  34462  tiiiils  of  heaL  Many  of  the 
most  recent  determinations  are  very  near  tMs  tigure,  so  that  it  may  be 
taken  that  in  the  formation  of  18  parts  of  water  (H.^O)  thei-e  are 
evolved  <j9  major  calories,  or  69000  units  of  In^at.^^     If  the  fipecific  k^xtt 

At  ■i54)-560\  when  detonatinjjf  jftiM  explodes,  the  denaity  of  a(|iieoUft  vAi>our  tiol  only 
dcM?!8  nt»t  vary  («ind  it  hardly  vnries  ^t  bijjlier  te-mperuturtia,  proh^bly  becnusu  tlie  litnount 
of  the  iiroductti  of  diB^^citition  i^  %.meM\^  but  there  are  not,  ub  tar  as  is  yet  known,  luiy 
trGu;(*s  uf  difiBoci«ktioii ;  (2)  tbjit  under  the  influence)  of  cont(U.'t  the  temi>Braliire  at  which 
coinbinatiou  takeii  place  fallB  even  to  the  ordinarj  ttjinperntttre,  when  water  iind  ainiilar 
compouudfl  natorally  are  not  diftHyciated  and,  judging  from  the  duta  eommunieated  by 
D.  P.  Konovaloff  (Introduction,  Note  JIU)  and  cithers,  it  is  impossible  Uj  escape  the  phe- 
nomena cif  contact;  jiU  vwaHelsi,  wlu^ther  of  metal  or  glasH^  show  the  same  infltience  aa 
Hpoiigy  platinmn  lilthough  to  a  mnch  lenji  degree.  Tlie  phenomena  of  contiwit,  judging 
from  the  mnaa  of  the  data  referring  to  it,  mUHt  be  eH|>ecially  sennitive  in  reaetions  whicb 
ure  powerfully  exothenniiL  and  the  explosion  of  detonatinir  gas  \&  of  tlii«  kind. 

*^  The  aiiinunt  of  heat  evolved  in  th«  combuHtion  of  a  known  weight  (for  initaaoBf  1 
gram 'I  of  a  given  Bubstanc**  in  deteraiined  by  the  rine  in  teniperntnre  of  water,  to  which 
the  whole  of  the  heat  evolved  in  the  eombiiHtluu  is  trmiHmitted,  A  calorimeter^  for 
exuniple,  that  iihown  in.  fig.  H8,  is  employed  for  this  pnrjwse.  It  eon^ists  of  a  thin  (in 
ordf  r  tliat  it  may  abwnb  less  heat),  ptiliHhed  (that  it  should  transmit  a  minimum  of  heat) 
metallic  ves§eUsurroundt?d  by  down  (c),  or  ijome  other  buhd  oouductor  of  heat,  and  au  outer 
metallic  vessel.  This  in  ueoeTtsary  in  order  that  the  least  po^aiblu  amount  of  heat  should 
be  loftt  from  the  verisels  :  ut*vertbt^leKg,  there  ia  alwavB  a  certain  loss,  whose  magnitude 

trt  detenu ined  by  preliminary  ejtijerinient  ^by  takinj; 
waiin  water,  and  determining  Its  fall  in  teni],>erature 
after  a  definite  jieriod  of  time)  aM  a  correction  for  the 
results  of  observation^^.  The  water  to  which  the  beat 
of  the  buriung  subHtance  is  transmitted  i^  poured 
into  tiie  vessel.  The  stirrer  g  allows  of  oil  the  layerf* 
of  water  being  brought  to  an  equal  temperature,  and 
the  theimometer  serves  for  the  determination  of  the 
tfmx»orature  of  the  water,  llie  heat  evolved  parses, 
uiiturnlly,  not  to  the  water  only,  but  to  all  the  parte  of 
the  apparatus.  The  quantity  of  water  eorrewpoading 
with  the  whole  amount  of  thofie  objects  (the  vessels^ 
tubes,  il'c.)  to  which  the  heat  is  transmitted  is  pre- 
^  iously  determined,  and  in  this  manner  another  moflt 
iiini>ortant  correction  is  made  in  tlu?  calori metric  deter- 
minations. The  rAmdjUstiou  itself  is  carried  on  in  tbo 
\  eHsel  ff.  The  ignited  subNtance  is  introtiuced  through 
the  tube  at  the  top,  which  closes  tightly.  In  fig.  Sit 
the  ap[>tiratus  is  arranged  for  the  conibu»tion  of  a  gaa, 
inliorhiced  by  a  tube.  The  uxygcn  required  for  tlie 
combustion  in  led  into  a  by  the  tube  e,  and  the  pro- 
ducts of  combustion  cither  it^iuain  in  the  veasel  a  (if 
liquid  ortiolidj^or  escape  by  the  tuW/ into  an  appara- 
tus in  which  tlieir  quantity  and  priq»ertieH  tnj*  easily 
be  determined.  Tlius  the  heat  evolved  in  tembustion  parses  tti  the  walls  of  the  vessel  a^ 
and  to  the  gasen  which  are  furnied  in  it,  and  tliese  traUiiuiit  it  to  the  water  of  tha 
calorimeter, 

**  Thi*  quanlity  of  beat  corresponds  with  the  formation  of  liquid  water  at  the  ordinary 


evolved  in  cuuabu»tiiHi. 
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ofaqneoui  vapour  (0'48)  remained  constant  from  the  ordinary  (finjjem- 
turti  to  that  at  which  ih**  coinbu^tion  of  detonating  gas  takes  plact   (but 

tempemtttrv  from  dvioimtiii^  goa  nt  the  ■«me  tempera ture.  If  tbe  Wftler  be  *s  vApour 
ilie  heat  evolved  =  5^  major  calories  ;  if  as  fee  ^  70  4  major  calohes«  A  portion  of  tJiis 
li«at  is  due  in  tho  loct  that  1  vol.  of  hydrt^gcn  luid  ^  vol.  of  oxygeu  give  1  vol.  of  iU(Ueo(U 
TmpoiiT — ihat  ik  to  «ay,  cotitrikctioii  ensues — luid  l\n^  evoUe^  heat.  ThLs  qoonttty  of  ltd«i 
maj  be  calculated,  but  it  cuunot  be  fiaid  how  nmeh  b  expended  in  tbe  tearing  apart  of 
the  atoms  of  oxygen  from  each  other,  and  therefore,  strictly  speaking,  we  do  not  know 
the  quantity  of  hettt  w^iieli  is  evolved  in  the  combination  of  hydrogen  with  oxygen ; 
although  the  number  of  unita  of  heat  evolred  in  the  combustion  of  detonating  g««  is 
ocoormtely  known. 

The  consiruction  of  tlie  colorimeter  and  even  the  method  of  determination  Tory 
oonraderahly  in  different  catiieB.  The  gretLiest  number  of  ctUorimetric  delemiiuAtions  were 
made  by  Berthelot  and  Thonuwin.  Tliey  ore  given  in  their  workis  E^aai  de  micanique 
ehimi^tte  /vtuUr  nut  la  thermochifnie^  by  M-  Berthelot^  187d  {"1  toIb.)^  and  f/iermo- 
ehtnrtiicht  Uftterwuehunffen^  by  J.  Thomgen,  IHHil  [4  voU*).  The  student  mnat  refer  to 
works  on  theorelicot  and  phyaical  cheEuiatry  for  a  detuL-ription  of  the  elements  and  methoda 
of  thfrntaehrmtatrif^  into  the  det&iln  of  which  it  i^  imtiOK&ible  to  enter  in  thi»  work^  aU 
the  tnore  su  because,  as  hits  been  fthovm  of  late^  both  the  theoretical  side  of  thie»  subject 
and  itfi  practical  methodB  ore  etill  in  on  elementary  state  of  development^  and  muiit  be 
vobjeeied  to  improvement  in  many  aspects  before  thermochemical  study  can  be  of  that 
flDormoas  ntihty  to  chemical  mechanics  which  wa&  expected  from  it  at  the  time  of  the 
appearance  of  the  first  researches  in  its  province.  One  of  the  origiuatorH  of  thermo- 
eh«mistry  was  a  member  of  the  St.  Petersburg  Academy  of  Sciences,  Hea&.  Since  1870 
a  mil  of  t«i«earcbea  hare  appeared  in  this  prorinoe  of  chemistryt  esiM*ctaily  in  France 
Mid  G«rmMi7,  after  the  leading  worku  of  the  French  Academician,  Bertheloi,  and  the 
Copenhagen  profesaor}  Thomuen.  Among  Bussiains,  Beketoff,  Luginin^  Cheltzoil,  Clirouol- 
«hoff,  &nd  otherH  are  known  by  their  thermochemical  reseiirchea.  The  jiresent  eixx^h^ol 
th«rmodiemi«lry«  in  the  abftenee  of  a  steodfofit  foundation  (and  the  principle  of  maxunnm 
work  ciLunot  be  counted  as  4Uch),  mnat  be  considered  rather  aa  a  collective  one,  wherein 
Ibe  material  of  facts  is  amas^d,  and  the  fir«t  consequenceseriaijigfrcaiithem  are  noticed^ 
tu  my  opiiiicm  three  essential  ciremnstonces  prevent  the  possibility  of  extracting  any 
eSMi  oonoequenceSf  of  impc»nanec  to  chemical  meehanlos,  from  the  amassed  and  already 
immenfte  store  of  thermochemical  data:  (1)  The  majority  of  the  detenmnattous  are  con- 
ducted  in  weak  aqueous  solutions,  and,  the  heat  of  solution  being  known^  ore  referred  to 
the  substances  in  solution  ;  yet  there  is  much  (Chap.  I.)  which  forces  one  to  consider  thai 
in  solution  water  does  not  play  the  simple  port  of  a  diluting  medium,  but  of  itself 
acts  independently  in  a  chemical  sense  on  the  substance  dissolved.  (H)  The  other  chief 
portion  of  thermochemical  determinations  is  conducted  by  the  ignition  of  substances 
al  hjgh  temperatures,  and  as  yet  we  do  not  know  ^e  speciJic  heat  of  many  substances 
Ai  theaa  temperatt&res.  (9)  Physical  and  mechanical  changes  (decrease  of  volume,  diffu- 
sion, end  others)  inevitably  proceed  side  by  side  with  chemical  changet!>,  and  for  the  pre- 
teal  it  is  impossible,  in  a  number  of  cases,  to  distinguish  the  thermal  effect  of  the  one 
and  the  other  kind  of  change.  It  h  evident  tliat  the  one  kind  of  change  [diemical)  is  esi^n- 
tioUy  inseparable  and  incomprehensible  witliout  tlie  other  I  mechanical  and  physical);  and 
therefore  it  5*eemis  to  mc  that  thennochemiad  data  will  only  acquire  their  true  meaning 
when  the  conneelicii  betweeu  the  phenomena  of  both  kinds  (on  the  one  liaud  chemical 
•ad  atomic,  and  on  the  otlier  hand  mechanit^  and  molecular  or  between  entire  mosses) 
m  explaine<l  more  clearly  and  fully  than  is  the  caae  at  present.  As  there  is  no 
doubt  that  the  simple  mechanical  contact,  or  the  action  of  heat  alone,  on  subeionoes  BoaiQ<^ 
times  causes  an  evident  and  alwajrs  a  latent  (incipient)  chemicdl  chMige-'that  is,  * 
different  distribution  or  movement  of  the  atoms  in  the  molecules — ^it  follows  that  purely 
chemical  phenomena  are  insspansble  from  pliynical  and  mechanical  phenomena.  This  is 
because  the  atomic  relations  forming  the  eosenoe  of  the  chemical  reloiions  of  a  substatiee 
are  not  observable,  and  at  present  are  incomprehensible,  without  the  molecular  relations 
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most  probably  jt  increases),  wei'^e  the  combustion  conceutmted  at  orio 
point^^  (but  it  occurs  as  a  flame),  were  there  no  loss  from  radiation  and 
heat  conduction,  am],  ebieflj,  *^/f/  diHttociation  nM  takeplact^ — that  is,  did 
n<ita  state  of  ei^uilibrium  Ijetween  the  hydrogen,  oxygen,  and  water  come 
about — tiiefi  it  would bt*.  posM/e  io  vah^nlai^'  ihf  temperature  qfiJieJlanie 
of  dfitoimlivfj  gas.  It  would  ih^n  be  10000^*^^  In  reality  it  is  very 
nuieh  lower^  but  it  is  Ufvertheless  higher  than  the  teiuperature  attained 
in  furnaces  and  flames,  and  reaches  up  to  20<X)^.  The  explosion  of 
detonating  gas  is  explained  by  this  high  temperature,  be<.*ause  the 
aqueous  vapour  formed  must  occupy  a  volume  at  least  a  times  gi*eater 
tlian  that  occupied  by  tlie  detonating  gas  at  the  ordinary  temperature. 
Detomiting  gas  emits  a  sound,  not  only  as  a  consequence  uf  the 
commotion  wliich  occui^  fi'om  the  rapid  expansion  of  the  heated  vapour,  I 
but  also  because  it  is  immediately  followed  by  a  cooling  e fleet,  the 
conversinii  of  the  vapour  into  wfitei-,  and  a  rapid  contraction,*^ 

forming:  tlie  essence  of  the  |ihyHical  rL'latioiis.AiuI  even  witliout  the  relatiouHiDf  tlie  entire 
mABBefs  of  luoleeulert  eviiicmg  tliHTnH+»Kx'ft  in  purely  luechftiiici^l  rolationn,  inaHiiiiiuh  tis 
ikR  individual  atom  is  HCiruBtlnnc;  uiireiil  uiul  fantastic.  A  inecliiuiical  change  may  be 
inmgini'^rl  without  tv  phyHical  chAngf,  autl  a  \A\xWivv\\  without  a  ehemiciiJ  rhange  (althougli 
such  a  representation  wtmlr]  be  artiticitil),  but  it  is  iiiipoKMible  to  imoj^ne  i4  ubettiiciil 
ehanj^e  without  a  jihysical  and  uiechanicjil  one,  for  without  them  we  »hoijkl  not  |jerc«iV4f 
it,  and  through  th*?m  we  attain  it.  There  waa  a  time  when  the  province  of  physioft  \ 
i*mbntcetl  the  whr<h-  tif  t  b* mintiy  And  niedianicB.  In  the  present  day  they  have  been  de* 
vehiped  indeperideiitlj  and  beeti  ist  tlrtted  from  etieh  other,  but  in  the  future  a  fresh  conjunc- 
tion is  imminent,  and  in  heralded  by  the  laws  of  the  conservation  of  matter  mid  <tf  energy. 

'^'^  The  flame^  or  hx^ality  where  the  eombu)»tion  of  gaww  and  vapourn  is  act-ompliiihod,  ' 
XA  a  eomplex  |ihenonientui+  *  an  entire  factory,*  aw  Faraday  wayM^  and  therefore  we  will  ] 
couHider  flame  in  Konie  detail  in  one  of  the  following  nciten. 

^^  If  U4500  units  of  he«it  are  evolved  in  the  eombui+tion  of  1  part  of  hydrogen,  (Ui<i 
this  hejit  11*  tran*»mitted  to  the  retiiilting  ^J  [Hirt**  by  weight  of  tu|ueouR  vajsourt  then  we 
find  thtit^  taking  the  Hpeeific:  hetit  of  tht'  latter  an  t>'47u,  eaeh  unit  of  iieat  raiiw^  the 
temperature  of  I  part  by  weight  of  aqueous  vapour  'J'l'  and  J)  partn  by  weight  (2*1  t9) 
0'2H'' ;  hcfoce  the  StJulJU  units  of  heat  raine  jIh  temj>erature  7tJJi»V  ,  If  detonntiug  gaH  i;) 
converted  into  water  in  a  tdosed  »ptvee^  Ihen  the  aqueouR  vajiour  formi^d  tmnnot  tfXprtndt 
Aiid  therefore,  in  etthiiltttiiig  the  teun>t»rature  of  eondjustion,  the  tip^'ciKc  heat  at  a  con- 
Btant  vohinie  muf^t  be  tnken  int^i  conmiderrttion  ;  it  is  U'tHv  for  aqneouH  vnjKiur,  Tliia 
figure  giveti  a  still  higher  temperature  for  the  rttime.  In  reality  it  is  much  lower,  but  the 
resulttt  given  by  difTererit  oh(ierver»  ar«  very  contradictory  (from  17t>0^  to  *21O0'),  then 
diaerepanciew  depend hig  on  the  fact  that  tlanie*4  of  different  wizea  are  tfwded  by  radiation 
to  a  different  degree^  but  mainly  on  the  fact  timt  the  nunthodrt  and  nppar4ituf*  (pyto- 
met^Ts)  fer  the  detennination  of  high  temi^nitureH,  although  they  enable  relative 
ehii.nge»i  of  temperature  tti  bo  judgedj  tkre  of  little  ufte  for  determining  their  absolute 
magnitude.  By  taking  the  teniperHthre  of  the  Hame  of  detonating  g»8  h8  iiOtXC^,  I  give| 
I  thiukt  the  avenvge  of  the  tnoHt  trustworthy  determinjitionw. 

♦'  It  iH  evident  that  not  only  hydrogen^  but  pvury  other  combuHtihle  gaa,  will  give  ntt 
explosive  mixture  with  oxygen.  For  this*  rea>.<:m  coal-ga»  mixed  with  air  explodes 
when  the  mixture  is  ignited.  The  pressure  obtained  in  ihe  explosions  serves  an  the 
fttotivr  potter  of  f/(iB  engines.  In  this  caKe  advantage  in  taken,  not  only  of  the  jireBEiiire 
pnalueed  by  the  explosion,  hut  also  of  that  ctiutiattion  whit'b  take«  place  after  the 
explofiiou.    On  this  is  based  the  conBtruction  of  several  motors,  of  which  Lenoir's  was 
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Mixtures  of  hydrogen  antl  of  vurious  other  gase.s  witli  oxygen 
are  taken  advantage  i*f  for  obtaining  high  temperatures-  By  the 
aid  of  such  high  temperatures  metals  like  platiuQin  may  be  melted 
on  a  large  scale,  which  cannot  be 
done  in  furnaces  heated  witli  char- 
coal and  fed  by  a  current  of  air,  Tlie 
burner,  shown  io  tig*  34,  i.s  constructed 
for  the  application  of  detonating  gas 
to  the  purpose.  It  consists  of  two 
brass  tubes,  one  Hxed  inside  the  other* 
as  shown  in  the  drawing.   The  internal 
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the  outside,  enveloping,  tube  E'  E  eon- 
ducts  hydrogen.  Previous  to  their 
egress  the  gases  do  not  mix  togethti', 
so  that  there  can  be  no  explosion  inside 
the  apparatus.  When  this  burner  is 
in  use  C  is  eon  nee  ted  willi  a  g-asholdei 
containing  oxygen,  and  E  with  a  gas 
bolder  containing  hydrogen  (or  some- 
times coal-gas).  The  How  of  the 
gases  can  be  easily  regulated  by 
the  stop- cocks  O  H.  The  ilame  is  shortest  and  evolves  the  greatest 
heat  when  the  gase^  burning  ai*e  in  the  propo lotion  <if  1  volume  of 
oxygen  to  2  volumes  of  hydrogen.  The  degree  of  heat  may  he  easily 
judged  from  the  fact  that  a  thin  platinum  wire  placed  in  the  tianie 
easily  melts.  By  placing  tlie  burner  in  the  oritice  of  a  hollow  piece 
of  lime,  a  crucible  A  !*■  is  uhtained  in  which  platinum  may  be  easily 
melted,  even  in  large  quantities  if  the  current  of  oxygen  and 
hydrogen  be  sulliciently  great  (Devil le).  The  flame  of  detonating  gas 
may  also  be  used  for  illuminating  purposes.  It  is  by  itself  very  pale, 
but  owing  to  its  high  temperature  it  may  serve  for  rendering  infusible 
objects  incandescent,  and  at  the  very  high  temperatui-e  produced  by  the 
detonating  gas  the  incauflescent  substance  gives  a  most  intense  light. 
For  this  purpose  lime,  magnesia,  or  oxide  of  zirconium  are  used,  as  they 
are  not  fusible  at  the  very  high  temperature  evolved  by  the  detonating 
gas.  A  small  cylinder  of  lime  placed  in  the  flame  of  detonating  gfis, 
if    regulated    to   the    required    point,    gives    a  very    brilliant    white 

formcirly,  «iid  Otto's  is  unw^  tUe  Imt^i  known.  The  erploHioa  iib  uftoiklly  prodoced  by  oo«l- 
gn»  anfl  ivir^  but  of  late  the  vuLj^uur^  of  nimliuRlible  InjatdK  ikernt-ene,  benzene)  are 
hIbo  bring  employed  in  pl^ce  of  gas  (CbdXT,  IX,h  Iti  Lenoirs  t*»|<iue  a  uiixtuif*  of  cp«U- 
f(iLS  and  m,iT  iH  ijjrtiited  by  means  ol  sparks  horn  a  Rubnikoi-ffs  vml,  hut  in  the  moat  receni 
mAcbine«  the  giwes  mrc  ignited  In  tbt-^  dirrtt  artion  of  a  gan  jet. 
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light,  which  wfis  at  one  time  prtjposeil  ftjr  illuminating  Jighthous 
At  present  in  the  majority  of  cases  electric  light,  owing  to  its  constancy 
aiifl  iitlier  advantages,  has  replaced  it  for  this  purpose.  The  Hght 
]>roduced    by  lime   in  det-oniiting  gfia  is  called  the  Dntmmond  lit/hi  or 

The  above  cases  form  examples  of  the  combustion  of  elements  in 
oxygen,  Imt  exactly  similar  phenomena  are  obser\ed  in  the  cotnhustion 
of  t'ottiftotttiffii.  So,  for  instance,  the  solid,  colourless,  shiny  substance, 
naphthalene,  C,tjH^,  burns  in  air  with  a  smoky  flame,  whilst  in  oxygen 
it  continues  to  burn  with  a  very  brilliant  flame.  Alcohol,  oil,  and 
other  substances  burn  brilliantly  in  oxygen  on  conducting  the  oxygen 
by  a  tube  to  the  flame  of  lamps  burning  these  substances.  A  high 
temperature  is  thus  evolved,  which  is  sometimes  taken  advantage  o£ 
in  chemical  practice. 

In  order  to  understand  why  combustion  in  oxygen  proceeds  more 
rapidly,  and  is  accompanied  by  a  more  intense  heat  effect,  than  eoni- 
bustion  in  air,  it  must  be  recoil ert*-i I  that  air  is  oxygen  diluted  with 
nitrogen,  which  does  not  support  combustion,  anfl  therefore  fewer  par- 
ticles of  oxygen  fiow  to  the  surface  of  a  substance  burning  in  air  than 
when  burning  in  pure  oxygen.  The  chief  reason  of  the  intensity  of  com- 
bustion in  oxygen  is  the  high  temperature  acquircil  by  the  substance 
burning  in  it.  Let  us  consider  as  an  example  the  combustion  of  sulphur 
in  air  and  in  oxygen.  If  1  gram  of  sulphur  burns  in  nW  or  oxygen  it 
evolves  in  eithercase  2250  units  of  heat— /.^.,  evolves  suthcientheat  for 
heating  22;")0  grams  of  water  1°  C  Tfiis  heat  is  first  of  jili  transmitted 
to  the  sulphurous  anhydride^  SO-^,  formeil  by  the  combination  of  sulphur 
with  oxygen.  In  its  combustion  1  gi'am  of  sulphui*  forms  2  grams 
of  sulphurous  anhydride — Le.y  the  sulphur  comlnnes  with  1  gram  o£ 
oxygen.  In  orrler  that  I  gram  of  sulphur  shoultl  have  access  to  1  gram 
of  oxygen  in  fiir,  it  is  necessary  that  3-4  grams  of  nitrogen  should 
simultaneously  reacli  the  sulphur,  because  air  contains  seventy-seven 
parts  of  nitrogen  (by  weight)  per  twenty-three  parts  of  oxygen.  Thus 
in  the  combustion  of  1  gram  of  sulphur,  the  2250  units  of  heat  are 
transniitted  to  2  grams  of  sulphurous  oxide  and  to  at  least  3^4  grams  of 
nitrogen.  As  Olfifj  units  of  heat  are  required  to  raise  1  gram  of 
sulphurous  anhydride  P  C,  therefore  2  grams  require  0'31  units.  So 
also  3-4  grams  of  nitrogen  requii'e  3*4  x  0*244  or  0*83  units  of  heat, 
and  therefore  in  order  to  raise  both  gases  1^*0,  0*31  -f  083  or  1*14 
units  of  heat  are  required,  but  as  the  combustion  of  the  sulphur 
evolves  2»2ri0  units  of  heat,  therefore  the  gases  might  be  heated  (if 

2250 


I 


their  specific  heats  remained  constant)  to 


1'14 


or  1974°  C. 
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is,  the  majdmuiD  posable  teanperatnTf  of  tb^  Hhxae  of  ihf  sxilpihiir 
boming  in  air  irfll  be  197V  C  In  the  ccimbixstaan  of  tbe  solpiiiir 
in  oxTg«en  tbe  beat  ^r^ihred  (±25C»  imits)  can  only  pass  to  the  1?  ^rnams 
of  sulphurous  anbTdride,  and  tberefore  tbe  bigbesJt  posdltle  tempera- 

tare  of  tbe  fian[>e  of  tbe  sulphur  in  oxygen  will  be  =  -— —      cir  Tf?^?^^, 

In  tbe  same  manner  it  may  be  calculated  that  tbe  temperature  of  obax^ 
ooal  burning  in  air  cannot  exoeed  f  700^,  wbil^  in  cncygen  it  may  miteain 
10100^  C  Fi*r  this  reason  tbe  temperature  in  oxygen  wiU  always  be 
bi^>er  than  in  air,  ahbougb  (jnd^ng  from  what  has  been  said  T^e> 
specting  detonating  gas)  neither  one  nor  tbe  other  t-emperature  will 
neariy  approach  tbe  theoretical  qixantities. 

Among  the  pbenomena  accompanying  tbe  oombostaon  of  certaia 
sabstanoes,  the  j^nc*f¥¥^non  of  ^^fne  attracts  attentkm.  Sulphur, 
pboq^homs,  sc^lium,  magnesium,  naphdialene,  kc^  burn  like  hydro- 
gen with  a  flame^  whilst  in  tbe  oombnstion  of  other  substances  no 
dame  is  obsa^ed,  as,  for  instance,  in  the  combustion  of  iron  and 
of  diarcoal  Tbe  appearance  of  flame  depends  on  the  capadt^r  of  tbe 
combustible  sulistance  to  yield  gases  or  vapours  at  the  temperature  of 
combustion.  At  tbe  temperature  of  combustion,  sulphur,  phosphorus, 
sodium,  and  naphthalene  pass  intc»  vapour,  whilst  wood,  alcohol,  oil,  ^c«, 
are  decomjosed  into  gaseous  and  vaporous  substances.  The  com- 
bustion of  gases  and  vapours  forms  flames,  and  therefore  a  JUtme  .'« 
composed  of  Oi<e  Jtci  and  inoandettcffU  pa^es  and  vajioftrs  product'd  hy  com- 
bugfioft.  It  may  be  easily  proved  that  the  flames  of  such  ni>n-volatile 
substances  as  wood  contain  volatile  and  combustible  substances  formed 
frcMD  them,  by  placing  a  tube  in  the  flame  and  drawing  air  from 
it  with  an  aspirator.  Besides  the  products  erf  combustion,  com- 
bustible gases  and  liquids,  previously  in  the  flame  as  vapours,  collect  in 
the  aspirator.  For  this  experiment  to  succeed — i.f.,  in  order  to  really 
extract  combustible  gases  and  vapours  from  the  flame — it  is  necessary 
that  the  suction  tube  should  be  placed  i^iside  the  flame.  The  com- 
bustible gases  and  vafK>urB  can  only  remain  unbumt  inside  the  flame, 
for  at  the  surface  of  the  flame  they  come  into  contact  with  the  oxygen 
of     the     air     and     burn.**     Flames     are    of    difierent      degrees     of 

**  Faraday  proved  this  by  a  very  conviDcinp  experiment  on  a  coindle  flajne.  If  *^ne 
arm  of  a  bent  plass  tube  be  placed  in  a  candle  fiajne  above  tbe  wick  in  tbe  dark  }x>t1  ji\n 
of  the  flame,  tben  the  products  of  the  partiaJ  combnKtion  of  the  siearin  will  jmss  up  the 
tube,  condeneie  in  the  other  arm,  and  collect  in  a  flask  placed  nnder  it  ifig.  S5'  as  heavy 
while  fumes  which  bum  when  Uphted.  If  the  tube  be  raised  int.o  the  upper  lumi- 
nous porticm  of  the  flame,  then  a  dense  black  Rmoke  which  will  not  inflame  accumulates 
in  the  flask.  Lastly,  if  the  tube  be  let  down  «ntil  it  touches  the  wick,  then  little 
but  stearic  acid  condenses  in  the  flask. 
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hriUiaficy^  accoitling  to  whether  ttoUd  incandescent  particles  occur  in 
the  combustible  ^jas  or  vapouPj  or  not.  Incandescent  gases  and 
vapom-b  emit  hut  little  light  by  themselve.s.  and  therefore  give  a  paler 

flame. ^*^  If  a  tluine  does  not 
contain  solid  particles  it  is  J 
tninsparent,  pale,  and  emits 
h«t  little  light  ^^  The  Hames 
of  buriiin^-  alenhol,  sulphur, 
and  Iivdrogen  are  of  tliis  kind. 
A  pale  flame  niay  be  rendere<l 
luminous  by  placing  fine  par- 
ticles of  solid  matter  in  it. 
Thus,  if  a  verj^  fine  platinum 
wire  V>e  placed  in  the  pale 
flame  of  boiTving alcohol— or, 
bet  t  er  st  il  1  ^  of  hy  d  I'ogen- — then 
the  fln  me  emits  a  bright  light. 
This  is  still  bf-tter  s€^n  by  sift- 
ing the  powder  of  an  incom- 
bustible substance^  such  as 
fine  sand,  into  the  flame,  or 
by  placing  a  bunch  of  asbestos 
threads  in  it.  Every  Imlliant 
flame  always  contains  some 
kind  of  solid  particles,  or  at  least  s*mie  very  dense  vapour.  The  flame 
of  sodium  burning  in  oxygen  has  a  brilliant  yellow  colour^  from  the 
presence  of  particles  of  solid  suilium  oxide.  The  flame  of  magnesium 
is  brillijint  from  the  fact  that  in  burning  it  forms  solid  mELgnesia.  which 
becomes  while  hot,  and  similarly  the  brilliancy  of  the  Drummond  light 
b  due  to  the  heat  uf  the  flame  raising  the  solid  non -volatile  lime  to  a 
state  of  incandescence.  The  flames  of  a  candle,  w^ood,  and  similar  sub- 
stances are  brilliant,  because  they  contain  particles  of  charcoal  «»r  soot. 
It  is  not  the  llanie  itself  which  is  luminous,  but  the  incandescent  soot 
it  contains.  These  particles  of  charcoal  which  occur  in  flames  may  be 
e^ly  observetl    by   introducing  a   cold  object,  like  a  knife,   into  the 


FUii,  M.— Fftnvisrt**  cxftrinmut  fur  iikvp^tigittiiig  the 
dlff  ermi.  part«  of  a  caudle  tjumxi. 


**  All  trm^Kpttnent  subftt&nws  whieli  trniiHinit  hght  with  grant  i^se  lUiftt  is*  which 
ikbvorb  bnt  hill**  light)  are  but  littU"  luminouH  when  luc-uted;  fio  aliwi  «ubijtanc«s  which 
absorb  but  few  heat  riiy»<,  when  hetited  triiiit*rait  few  ravH  of  beAl 

■♦*  Thcrt*  ift,  huwcver,  no  doubt  bat  that  v  ery  heavy  dense  vnpours  or  gnaes  under 
pre^^^ure  (according  to  the  experinii»nt'H,  of  Frankliind)  are  lumiooUK  when  be«l4*d,  be- 
cause, KM  they  WcM^me  deui*er  they  approach  a  hquid  or  solid  Htaie.  Thut»  deiouAttnj^ 
gna  when  exp'oJed  under  pref^sure  i«  brightly  luiniiioU!i>. 
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Sanie.^^  The  particles  of  charecMit  bam  at  the  outer  surface  of  the 
fi&me  if  the  supplj  of  air  be  su^cietit,  but  if  the  suppiv  of  air— that  is, 
oioxygen — ^be  in^iflSfient  for  their  comLustion  the  flame  smokes,  because 
these  uneousumed  parlicJe^  cif  charcoal  are  camcMl  otf  hy  the  current 
of  air/« 


*^  If  hydTDgien  |^  be  patted  throog-li  »  rolAtLle  liquid  hydrocarbon — tor  instatM^, 

tbrDUgli  bensetif  » tJie  bemeaM  imty  be  poixred  dircicily  into  th«  ve«f«>l  in  whicli  hydrogfitl  it 
generated^— theii  ti»  rmpom  bams  with  thf>  hydrofton  and  give«  «  verir  bright  flatiw« 
bvosUBip  tlie  t««all«tit  t«ulicle»  of  c«rbon  (w>ot)  mre  ponrerfiillj  ignited.  Bimz^net  or 
|il»tinaiii  g»oj(4*f  mirodac^l  inU>  «  bydrogisn  fbaae  nmy  be  emiJo}^«?d  for  illuminating 

"**  In/fomet  Ibe  aepanirte  fuirti.  may  b3  distingnidied  with  mofe  or  lees  distinctneec, 
Tliat  portion  of  the  flame  whither  the  cavnbustihle  vapours  or  gaeea  HoWf  ia  nci 
liimitioa»  becaoae  ita  temiierataiv  ia  i§(till  too  low  for  the  piroce«s  of  combustion  to  take 
f>Iao«  iu  it.  This  is  th^^  «]iace  which  in  a  cauidle  KUTrotuidti  tlie  wiclc^  or  in  a  gas  jet 
it  tmmedtaiely  abore  the  orifice  from  which  the  gtm  e^capefi.  In  a  candle  the  cctn- 
hudible  vapour*  and  fifases  which  art^  f  rirmed  by  the  action  of 
lie«t  cm  the  melted  tiJlow  or  »te&rin,  rise  in  the  wick^  and 
*re  heated  by  tlie  hi|^  tenipemtnre  of  the  flame.  By  the 
actioQ  of  the  heat,  the  eolid  or  liquid  Bub«tance  i»  here>  as 
in  other  caties,  deoompoBed,  forming  producta  of  dry  dis^ 
tUhliioCi.  These  products  occur  in  the  central  pottion  uf  the 
flame  ol  a  candle.  The  air  trarek  to  the  dame  from  the 
I  and  is  not  able  to  intermix  with  the  vapours  imd 
in  aU  partaof  the  flame;  ooDsequently,  in  the  outer 
portion  of  the  flame  the  amount  of  oxygen  flowing  to  it 
will  be  greater  than  in  the  interior  portions  of  the  darner. 
Btltt  owin$(  io  diffafiion^  the  oxyi;en,  naturally  togetlier  with 
nitrogen^  floDiiug  to  the  combuNiLible  subBtauce  penetrates 
iuiiide  the  flame^  when  the  eombue^ticn  take«i  place  in 
ordinary  air.  The  comhuBtihle  va[:iannii  and  gaeea  combine 
with  this  oxygen^  evolve  a  eonKiderable  amount  of  heat,  and 
bring  about  that  state  of  red  hent  which  is  so  necesnary 
hotli  for  keeping  np  the  c-rtmbutitioti  aitd  al§u^  for  the  n^ea 
to  which  the  flame  is  applied.  Pui^ibing  from  the  colder 
envelofie  of  air  to  the  interior  of  the  flame,  to  the  source  of 
the  combufctible  vapour»  ( for  inataiioe*  the  wick),  we  evidc  ntly 
first  traverxe  layer*  of  high  temperaturOt  and  then 
layers  of  lower  and  lower  teinpemture,  in  which  the  com- 
bustion i»  leas  complete,  owing  to  the  hmited  supply  of 
oxygen. 

Thua,  yet  unburnt  products  of    the  deconipoaitioii  oi 
Ofganie  flub«tance6  occur  in  the  interior  of  the  flame.     Bat 
IbeffB  is  always  free  hy drc»gen  i n  the  i ute rior  of  the  flame,  ereii  tin*    ^-^ 
whai  oxygen  is   introduced   there,  or  when  a  nuxtnre  of 

hjrdrogen   and    oxygen   burnitt    because  the   temperature  mni.. ,.,,...,.„,„  ,.j^iK»n 

ernlved  in  the  combustion  of  hydrogen   or  the  carbon  of  •**  •'"»i<^t«^  i   •"•^  in   i^v  raJ* 
organtc  matter  is  so  high  that  the  products  of  combustion  t>tct0i[. 
are  themselves  partially  decomposed — that  is,  disBociated — 

at  this  temperature.  Hence^  in  a  flame  n  portion  of  the  hydrogen  and  of  tlie  oxygen 
which  might  combine  with  the  combustible  KuhntjinceH  roust  always  occur  iti  a  fre«i 
atate.  If  a  hydrocarbon  bums,  and  we  imagine  that  a  portion  of  the  hydrogen  ociHtrti  in 
a  free  state,  then  a  portion  of  the  carbon  must  alto  oocur  in  the  same  form  in 
VOL.    I.  K 


Fift,     J6.— In     the     carnlle 
flanu>  I  be    lurtton    C   POtilii)u» 
of 
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The  comhi nation  of  various  substaBces  with  oxygen  may  not  present 
any    signs   of    comhustion— that   is,    the    tf^mperature  may   rise  but 


the  fliLise,  beoati^^  other  conclitions  befng  unchanged,  carbon  burns  after  hydrogen,  and 
thiB  IB  observed  in  reftlity  in  the  eomhuation  of  Tarioui*  hydrocarbon «.  CharconJ,  or 
the  90ot  of  ii  common  flame,  proceeds  from  the  difisociation  of  c»rgiinic  Aubetancefi  con- 
tained in  the  fiame.  The  majority  of  liydroeiirbons^  efi[>ecjalh'  those  c-ontiiining  much 
carbon — for  inntanc*,  naphthnlene — hum  even  in  oxT^a-n,  with  H«paration  of  noot.  Tlie 
hydrogen  bums,  but  the  OArbon  remain »  UDbiimtt  or,  at  leasit.  partly  bo.  It  is  this  free 
carbon  which  rauws  Uie  brilhancy  of  the  flame.  Tliat  the  intenor  of  the  flame  eontainB 
11  mixture  which  ift  Ktill  capuble  of  combufttioti  may  be  prtwed  by  the  following  experi- 
ment: A  pfirtion  of  the  gaeen  may  he  withdrjiwu  by  an  ttJij>irator  from  tlie  ceiitruJ  jxirtioii 
of  the  Hame  of  carbonic  oxide,  which  is  combuHtiblH  in  air.  For  IImh  purpoHe  Deville 
pasf^d  water  through  a  metallic  tube  havinp  a  fine  lateral  orifiret  which  \h  phioed  in  the 
flame.  Ah  the  water  pjisBeB  along  the  tube  th«  ii^tx'nv^  of  the  flame  ent<?r  it,  they  ore 
iutermpteil  T)y  rvlinderH  of  water  pasHin^  alon^  the  tube,  and  aro  carried  off  with  it  into 
an  iipparatUH  for  their  invewtigation.  It  appears  that  all  portions  of  the  flame  obtained 
by  the  combiiHtion  of  a  mixture  of  carbonic  oxide  and  oxygen  contain  a  portion  of  tbift 
tnixtnr*?  still  unbumt.  Thti  researchen  of  Dfiville  and  Bunfteu  showed  that  in  tlie 
explosion  of  a  mixture  nf  hydrogen  and  of  carbonic  oxide  with  oxygen  in  a  closed 
iip*ice,  complete  coiubuBtiou  Boraetiinea  does  not  take  place  immediately.  If  two 
Yohtmet*  of  hydrogen  and  one  volume  of  oxygen  be  enclosed  in  a  closed  space,  Uum  on 
explosion  iht^  preAsure  doe^  not  attain  that  magnitude  which  it  would  were  iber6 
immediate  and  complete  combciBtion.  It  raay  be  calculated  that  in  this  case  the 
pressure  should  attain  twenty-aix  atmowpherea.  In  reality,  it  hafl  been  shown  by 
direct  experiment  that  in  thtj  explosioni  of  hydrogen  and  oxygen  the  prewjure  does 
not  exceed  nine  and  a-half  utmoftpheres, 

Thift  may  be  exphiined  by  the  fact  that,  in  the  exploHion,  the  whole  of  the  oxygen 
doe«  not  all  at  once  combine  with  the  combiiHtiblo  subHtancc,  The  amount  of  a  gas 
burnt  may  even  be  determined  from  the  presMure  produced  in  its  combuHiioti,  knowing 
the  heat  evolved  in  its  corabufvtion  and  the  Mt:>eeiftc  heat  of  all  the  resultiint  and  partioi- 
pciting  Hubetancea,  and  hence  the  tennwrature  of  combufition,  and  therefore  also  the 
pressure  which  may  be  evolved  an  a  couwtjw^nce  of  that  rise  of  temj>*rature  which  pro- 
ceeds from  the  evolution  of  beat.  It  apptmrK  that  in  thii*  ca»M?  only  one-third  of  the  gaaes 
bamst  the  remaining  two-tbirdB  are  not  able  to  combine  at  the  temperature  evolved  in 
the  exphmion.  Hence,,  in  complete  combustion,  they  at  firt^t  remain  in  an  uncomhined 
Rtatct  and  their  mutual  combination  only  taken  place  after  they  havt^  cooled.  Hence  the 
admixture  of  the  productnof  cimihufttion  with  an  explosive  mixture  preventft  the  combus- 
tion of  the  remaining  musH,  wliich  m  capable  of  burning.  The  admixture  of  carbonic 
anhydride  prevents  carbonic  oxide  fr^^nn  burning.  The  presence  of  any  other  foreign  gas 
int*?rfere8  in  the  name  manner.  Tliis  nhowa  that  every  portion  of  a  flitmt*  must  contain 
combustibie,  burning,  and  already  burnt  wubRtance«-^!\«".,  oxygen,  carbim,  carbonic  oxide, 
hydrogen,  hydrocarbona,  carl>onic  anhydride,  and  water.  Consequently,  it  u  impoi»ihle 
io  attaiu  i rrn f an tn neons  complete  combustion^  and  thin  in  one  of  the  rea^oni^  of  the 
phenomenou  of  flame,  A  certain  «i*ace  in  requiretl,  in  which  tlie  tempenttnre  would  be  tm- 
eij,ual  in  different  parte-  In  this  npace  different  quantitiei*  of  the  component  parts  are 
Buccessively  «objected  to  combufttion,  or  are  cooled  under  the  influence  of  adjacent 
objeota,  and  comhuation  only  endn  where  the  flame  ends.  If  the  combtifltion  could  be 
concentrated  at  one  spot,  then  the  temperature  would  be  incompainbly  higher  than  it  is 
under  the  actual  circmnstancea.  Hence  it  is  not  to  be  wondered  at  that  Bmoke  and  aoot 
appear  in  the  combustion  of  a  aubetance  with  flame.  They  muKt  occur  in  the  flame, 
becanne  from  what  haa  been  aaid  above  complete  combyHtion  cannot  take  place  iuBtan* 
taneously*  but  only  at  a  certain  fall  in  temfjerature. 

The  preceding  consideration h  and  invcHtigations  preitappose  that  the  specifio  heata  of 
the  products  of  combustion  are  known,  and  are  equal  to  thfi  fijH  rifle  heats  at  the  ordinary 
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inconsiderably.  This  may  either  proceed  from  the  fact  that  the 
reaction  of  the  substance  (for  example,  tin,  mercury,  lead  at  a  high 
temperature,  or  a  mixture  of  pyrogallol  with  caustic  potash  at  the 
ordinary  temperature)  evolves  but  little  heat,  or  that  the  heat 
evolved  is  transmitted  to  good  conductors  of  heat,  like  meteds^  or  that 
the  combination  with  oxygen  takes  place  so  slowly  that  the  heat 
evolved  succeeds  in  passing  to  the  surrounding  objects.  Combustion 
is  only  a  particular,  intense,  and  evident  case  of  combination  with 
oxygen.  Respiration  id  also  an  act  of  combination  with  oxygen  ; 
it  also  serves,  like  combustion,  for  the  development  of  heat  by 
those  chemical  processes  which  are  its  consequences  (the  trans- 
formation of  oxygen  into  carbonic  anhydride).  Lavoisier  enun- 
ciated this  in  the  clear  expression,  '  respiration  is  slow  combus- 
tion.' 

Reactions  of  slow  combination  of  substances  with  oxygen  are 
termed  oxidations.  Combination  of  this  kind  (and  also  combustion) 
often  results  in  the  formation  of  acid  substances,  and  hence  the 
name  oxygen  (Sauerstoff).  Combustion  is  only  rapid  oxidation. 
Phosphorus,  iron,  and  wine  may  be  taken  as  examples  of  substances 
which  slowly  oxidise  in  air  at  the  ordinary  temperature.  If  such  a 
substance  be  left  in  contact  with  a  definite  volume  of  air  or  oxygen,  it 
little  by  little  absorbs  the  oxygen,  as  may  be  seen  by  the  decrease  in 
volume  of  the  gas.  This  slow  oxidation  is,  as  a  rule,  rarely  accom- 
panied by  a  sensible  evolution  of  heat ;  but  an  evolution  of  heat  really 
occurs,  only  it  is  not  apparent  to  our  senses,  owing  to  the  inconsider- 
able rise  of  temperature  which  takes  place ;  this  is  owing  to  the 
slow  rate  of  the  reaction  and  to  the  transmission  of  the  heat  formed  as 
radiant  beat,  <&c.  Thus,  in  the  oxidation  of  wine  and  its  transformation 
into  vinegar  by  the  usual  method  of  its  preparation,  the  beat  evolved 
cannot  be  observed  because  it  extends  over  whole  weeks,  but  in  the 
so-called  rapid  process  of  the  manufacture  of  vinegar,  when  a  large 
quantity  of  wine  is  comparatively  rapidly  oxidised,  the  evolution  of 
heat  is  quite  apparent. 

Such  slow  processes  of  oxidation  are  always  taking  place  in  nature 
by  the  action  of  the  atmosphere.  Dead  organisms  and  the  substances 
obtained  from  them — such  as  bodies  of  animals,  wood,  wool,  grass,  kc. — 

temperature.  If  they  vary  (as  Berthelot  and  Vieille  affirm),  the  portion  of  a  substance 
which  remains  nnburnt  on  explosion  cannot  be  calculated  from  the  pressure,  and  there- 
fore the  quantitative  side  of  the  subject  should  be  considered  as  doubtful.  But  the  quali- 
tative side  of  the  subject  cannot  be  subject  to  doubt,  because  the  dissociation  of  the 
products  of  combustion  at  high  temperatures  is  proved  clearly  by  the  most  varied 
experiments. 

N  2 
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are  especially  subject  to  this  action.  Tliry  rot  and  ptttrf/if  —tlmt  is, 
their  solid  matter  is  tmnsformed  into  gases,  under  the  iniluence  of 
moisture,  and  atmospheric  oxygen,  and  often  under  the  influence  of 
other  organisms,  such  as  moulds,  worms,  micro-organisms  (bacteria),  and 
such  like.  These  are  processes  of  slow  combustion,  of  slow  combinatioD 
with  oxygeo.  Everyone  knows  tliat  manure  I'ots  and  evolves  heat, 
that  stac^ks  of  damp  hay»  rlamp  floiirj  straw,  ttc,  becuine  }jeated  and 
are  changed  in  the  process.*"  In  all  these  transformations  there  are 
formed  the  sanre  chief  pnidactss  of  conibusti*m  as  are  contained  in 
smoke ;  the  carbon  "rives  carh<*nic  anhydride,  and  the  hydjT>gen 
water.  Hence  these  pn>cesses  re^^juire  oxygen  just  like  combustion. 
This  is  the  reason  why  the  entire  prevention  of  access  of  air  hinders 
these  traTisfi>rmatiot»s,*^  and  an  increase^]  supply  of  air  accelerates  them. 
The  mechanical  treatment  of  arable  lands  by  thf^  plough,  barrow,  and 
other  simihir  nieaiLs  has  not  only  the  object  of  facilitating  the  spread 
of  rt>ots  in  the  ground » and  of  making  the  soil  more  permeable  to  Weater, 
but  ifc  also  serves  to  facilitate  the  access  of  the  aii*  to  the  component 
parts  of  the  soil  ;  as  a  conse^juence  of  which  tlie  or^ganic  remains  of 
soil  rot  so  to  speak,  Vireathe  air  and  evolve  i  arbonic  anhydride. 
One  acre  of  good  garHcn  land  in  summer  evolves  more  than  six  tons 
of  carbonic  anhydride. 

It  is  not  only  vegetable  and  animal  substances  which  are  subject  to 
slow  oxidation  in  the  presence  of  water.  The  very  metals  are  rusted 
under  these  cunditions.  Copper  very  easily  absorbs  oxygen  in  the 
presence  of  acids.  Many  metallic  sulphides  (for  example,  pyrites)  ar€* 
very  easily  oxidised  with  acce.ss  of  air  antl  moisture.  Thus  processes 
of  slow  oxidation  proceed  thixnighout  nature. 

There  are  many  elements  which  do  not,  onder  any  circumstances, 
combine  directly  with  gaseous  oxygen  ;  nevertheless  their  compounds 
with  oxygen  may  be  obtained.  Platinum,  gold,  iridium,  chlorine, 
anrl  iodine  are  examples  of  such  elements.  In  this  case  ivcourse  is 
had    to  a   so-called    in^iirnt't    in^fhorl — i.t\^    the   given    suljstance    U 

*^  Cotiuu  WA»te  (it  IK  ui^ed  in  fjictories  for  cleiiiiing  iitiifhiiieH  from  Lubricatmg  oil  J 
soakc'd  ia  ail  und  lyin^  in  heupK  U  Helf-cuiubuHiible,  Wiii^  oxidiHfd  Ijv  tlit'  air. 

**  Wliern  it  i«  flewiredl  to  preeervi^  i\  nupplyof  vegetiibliEr  aiitl  aMional  food.  tlit»  ttCccBB  of 
the  oxygen  nf  the  atmoephere  (and  uleo  of  the  i;Lirin>»  fif  orgatiiMins  borne  in  tbe  air) 
is  often  pre  vent  eel  For  this  reason  articles  of  foind  a.rt*  often  kept  in  hertneticjiHy  clofted 
vcBftels,  from  which  the  ulr  i^  withdrawn;  vegetftblti«  are  dried  and  Hohlcred  np  while  hob 
in  tin  buxeti ;  nmrdineM  are  immer-ied  in  oil,  itc.  The  removal  of  w«t^r  from  Bubi*tanceA  is 
also  Honnttiineii  remitrted  to  with  the  same  object  (the  dryiog  of  htiy,  corn,  fruita),  &»  fliso 
h  saturation  with  subatanccrj  whii.'h  ahsorb  oxygtMi  (such  as  j^iilphurous  anhydride),  or 
which  hinder  the  jfrowtli  of  organ i^mn  forming  the  fir^t  cam«e  of  putrefaction,  us  in 
priiceHHieH  of  smoking,  emhalining,  cind  in  the  keeping  of  finheti  and  other  animal  spoci^ 
mt'Ui*  in  »pirit,  Sec 
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cotobined  with  another  element,  and  by  a  method  of  double  decom- 
position this  element  is  replaced  by  oxygen,  or  a  substiince  is  taken 
which  eMsily  ev(jl\'e.s  oxygen,  and  h  brought  into  contact  with  the  given 
substance.  The  oxygt^n  then  acts  at  the  moment  of  it^  evolution.  If 
the  conditions  are  such  tliat  the  substance  to  be  oxidised  is  liberated 
^t  the  same  nioment,  then  oxidation  proceeds  with  greater  ease. 
(The  explanation  of  this  phenometum  was  given  in  the  last  chapter*) 
It  must  be  remarked  that  feubsttmces  which  do  not  directly  combine 
with  oxygen,  but  fonn  compounds  with  it  by  an  indirect  methf>d,  often 
readily  lose  the  oxygen  which  was  absorbetl  by  them  by  double  decompijsi- 
tion  or  at  the  moment  of  its  evolution*  Such,  for  example,  are  the  com- 
pounds of  oxygen  with  chlorine^  nitrogen,  and  platinum,  wdiich  evolve 
•oxygen  on  heating.  They,  like  other  substances  wliich  easily  evolve 
oxygen  on  heating,  may  serve  as  a  means  for  4>btaiMing  oxygen,  or  for 
oxidation.  They,  in  the  presence  of  substances  which  are  capable  of 
combining  with  oxygen,  are  decomposeil,  give  up  their  oxygen  to  thejti, 
And  may  thus  bt^  themselves  employed  for  indiject  oxidation.  In  this 
respect  ojcitUAny  agents^  or  tliose  compounds  of  oxygen  which  are  em- 
ployed in  chemical  and  technical  practice  for  transferring  oxygen  to 
other  substances^  are  especially  remarkable.  The  most  important 
*Lmong  these  is  nitric  acid  or  atjua/orfis'S.  substance  rich  in  oxygen, 
and  capable  of  evolving  it  when  heated,  and  which  easily  oxidises  a  great 
numl)er  of  substances.  Thus  nearly  all  metals  and  organic  substances 
contaiiiijig  carl-Kin  and  hydrogen  are  more  or  less  oxidised  when  heated 
with  nitric  acid.  If  strong  nitric  acid  l>e  taken,  and  a  piece  of  burning 
charcoal  be  immej^sed  in  the  acidj  it  continues  to  burn,  the  combustion 
proceeding  iri  this  case  at  the  expense  of  the  oxygen  contained  in 
the  li<|uid  nitric  acid.  Cliromic  acid  acts  like  nitnc  acid  ;  alcohol 
burns  when  mixed  with  it.  Although  tlie  action  is  not  so  marker!, 
even  water  may  oxidise  with  its  oxygen.  Sodium  is  not  oxidised  in 
perfectly  dry  oxygen  at  the  ordinary  temperature^  but  it  burns  very 
easUy  in  water  ami  aqueous  vapc^ur.  Charcual  can  burn  in  carbonic 
anhydride — a  pro<iuct  of  combustion — forming  carbonic  oxide.  Mag- 
nesium burns  in  tlie  same  gas,  sepai-ating  carbon  from  it.  Generally, 
combined  oxygen  can  pass  from  one  corjjpound  to  another. 

The  products  of  combustion  or  oxidation — and  in  general  the  detinite 
compounds  of  oxygen — are  termed  oxides.  Some  oxides  are  not  cafifible 
of  combining  with  other  oxides— or  cf>mbine  with  only  a  few,  and  then 
form  unstable  compounds  with  the  evolution  of  very  little  heat  ; 
others,  on  the  contrary,  enter  into  combination  with  very  many  i>ther 
oxides,  and  in  general  have  remarkable  chemical  energy.  The  t>xides 
incapable  of  combining  with  others^  or  only  showing  this  quality  in  a 
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small  degree,  ure  teriueHl  Indifferent  oxUU^.     *Sucli  are  the  peroxides,  of 
which  mention  has  befoi*e  been  made. 

The  class  of  oxides  capable  of  entering  into  mutual  combination 
we  will  term  sitllnp  oxides.  They  fall  into  two  chief  groups — at  least, 
as  regards  the  most  extreme  memliers.  The  members  of  one  group  do  not 
combine  with  each  other,  but  combine  with  the  members  of  the  other 
group.  As  representative  of  one  group  may  be  taken  the  oxides  of 
the  metals,  magnesium,  sodium,  calcium,  ike.  Representatives  of  the 
other  group  are  the  oxides  formed  by  the  non-metals,  sulphur^  phos- 
phorus, carbon.  If  we  take,  fur  instance,  the  oxide  of  calcium  or 
lime,  and  bring  it  into  contact  with  oxides  of  the  second  group,  there 
ensues  very  ready  combination.  Thus,  for  instance,  if  we  mix  calcium 
oxiile  with  oxide  of  phosphorus,  they  combine  with  great  facility,  with 
the  evolution  of  much  heat.  If  we  pass  the  vapour  of  sulphuric  an- 
hydride, obtained  by  the  combinatimi  of  sulphurous  oxide  with  oxygen^ 
over  pieces  of  lime  heated  to  redne4ss,  then  the  sulphuric  aniijflride  i» 
absorbed  by  the  lime,  with  the  formation  of  a  suljstance  called 
calcium  sulphate.  The  oxides  of  the  lirst  kind,  which  contiiin 
metals,  are  termed  btmc  oxides  or  bases.  Lime  is  a  familiar  example 
*if  this  cUss.  The  oxides  of  the  second  group,  which  ait*  capable  of 
combining  with  the  bases,  are  termed  miJtt/drid^^s  of  the  acids  or  neid 
oxides.  Sulphuric  anhydride,  SOj,  may  be  taken  as  a  type  of  the 
group.  It  is  formed  by  the  combination  of  sulphur  with  oxygen  :  by 
the  addition  of  a  fresh  quantity  of  oxygen  t*>  the  above-mentioned 
sulphurous  aohydride,  80.^,  by  passing  it  and  oxygen  over  incandescent 
sp<*ngy  platinum.  Carbonic  aidiydride  (often  termed  ^  carbonic  acid,' 
CO.j),  phosphoric  aniiydride,  sulphurous  anhydride,  are  all  acid  oxides^ 
for  they  can  combine  with  such  oxide.s  as  lime  or  calcium  oxide, 
magnesia  or  magnesium  oxide,   MgO,   sotla  or  sodium  oxide,   Na^O, 

If  a  given  element  form  one  basic  oxide,  it  is  terme<l  the  oxide  ;  for 
example,  calcium  oxide,  magnesium  oxide,  potassium  oxide.  Some 
indifferent  oxides  are  also  called  *  oxides  *  if  they  have  not  the  properties 
of  peroxides,  and  at  the  sjinie  time  do  not  show  the  properties  of  acid 
anhydiides— for  instance,  carbonic  oxide,  of  which  mention  has  already 
been  made.  If  an  element  forms  two  basic  oxides  (or  two  indifferent 
oxides  not  having  the  characteristics  of  a  peroxide)  then  that  of  the 
lower  degree  of  oxi<lation  is  calletla^wfioinr/f'—  thabis,  sulxjxides  con  tain 
less  oxygen  than  oxides.  Thus,  when  copper  is  heated  to  redness  in  a. 
furnace  it  increases  in  weight  and  absorlis  oxygen,  until  for  *)3  parts 
of  cup|>er  there  is  absorbed  not  more  than  8  j>nrts  of  oxygen  by  weight,. 
forming  a  red  mass,  which   is  suboxide  of  copper  ;  but  it  the  roasting 
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be  prolonged,  and  the  draught  of  air  be  increased,  63  parts  of  copper 
absorb  16  parts  of  oxygen,  and  form  black  oxide  of  copper.  Some- 
times to  distinguish  between  the  degrees  of  oxidation  a  change  of 
suffix  is  made  in  the  oxidised  element  — ic  oxide  naming  the  higher 
degree  of  oxidation,  and  — ov^  oxide  the  lower  degree.  Thus  ferrous 
oxide  and  ferric  oxide  are  the  same  as  suboxide  of  iron  and  oxide  of 
iron.  This  nomenclature  is  convenient  in  some  cases,  but  cannot 
always  be  employed.  If  an  element  forms  one  anhydride  only,  then  it 
is  named  by  an  adjective  formed  from  the  name  of  the  element  made  to 
end  in  — ic  and  the  word  ajUiydride,  When  an  element  forms  two 
anhydrides,  then  the  suffixes  — otis  and  — ic  are  used  to  distinguish 
them  :  — ous  signifying  less  oxygen  than  — ic  ;  for  example,  sulphurous 
and  sulphuric  anhydrides.^^  When  several  oxides  are  formed  from  the 
same  element,  the  prefixes  won,  di,  tri,  tetra  are  used,  thus  :  chlorine 
monoxide,  chlorine  dioxide,  chlorine  trioxide,  and  chlorine  tetroxide 
or  chloric  anhydride. 

Chemical  transformations  of  the  oxides  themselves  are  rarely 
accomplished,  and  in  the  few  cases  where  they  are  subject  to  such 
changes  a  particularly  important  part  is  played  by  their  combinations 
with  water.  The  majority  of,  if  not  all,  basic  and  acid  oxides  combine 
with  water,  either  by  a  direct  or  an  indirect  method  forming  hydrates 
— that  is,  such  compounds  as  split  up  into  water  and  an  oxide  of  the 
same  kind  only.  We  already  know  that  many  substances  are  cap- 
able of  combining  with  water.  Oxides  possess  this  property  in  the 
highest  degree.  We  have  already  seen  examples  of  this  (Chap.  I.) 
in  the  combination  of  lime,  and  of  sulphuric  and  phosphoric  anhydrides, 
with  water.  Hence  the  results  of  such  combination  are  basic  and  acid 
hydrates.     Acid  hydrates  are  called  adda^  because  they  have  an  acid 

^  It  must  be  remarked  that  certain  elements  form  oxides  of  all  three  kinds — i.e., 
indifferent,  basic,  and  acid ;  for  example,  manganese  forms  manganous  oxide,  mangamc 
oxide,  peroxide  of  manganese,  red  oxide  of  manganese,  and  manganic  anhydride,  although 
some  of  them  are  not  knovrn  in  a  free  state  but  only  in  combination.  It  is,  then,  always  to  be 
remarked  that  the  basic  oxide  contains  less  oxygen  than  the  peroxides,  and  the  peroxides 
less  than  the  acid  anhydride.  Thus  they  must  be  placed  in  the  following  general  normal 
order  with  respect  to  the  amount  of  oxygen  entering  into  their  composition — (1)  basic 
oxides,  suboxides,  and  oxides;  (2)  peroxides;  (8)  acid  anhydrides.  The  majority  of 
elements,  however,  do  not  give  all  three  kinds  of  oxides,  some  giving  only  one  degree 
of  oxidation.  It  must  further  be  remarked  that  there  are  oxides  formed  by  the  combina- 
tion of  acid  anhydrides  with  basic  oxides,  or,  in  general,  of  oxides  with  oxides.  For 
everj-  oxide  having  a  higher  and  a  lower  degree  of  oxidation,  it  might  be  said  that  the  in- 
termediate oxide  was  formed  by  the  combination  of  the  higher  with  the  lower  oxide.  But  this 
is  not  true  in  all  cases— for  instance,  when  the  oxide  under  consideration  forms  a  whole 
series  of  independent  compounds — for  oxides  which  are  really  formed  by  the  combination 
of  two  other  oxides  do  not  give  such  independent  coraiwunds,  but  in  many  casea 
decompose  into  the  higher  and  lower  oxides. 
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tastt^  wlien  dissolved  iii  water  {or  saliva,  for  then  tmly  can  they  MCt  on 
tlie  palate).  Viucgar,  for  example^  has  tin  acid  taste  because  it  contains 
acetic  acid  dissolved  in  water,  HulplmricticifU  of  which  we  have  made 
niention  many  times,  because  it  is  the  acid  of  the  greatest  importaiice 
both  in  practical  chemistry  and  for  its  technical  applicatioiiB,  is  really 
a  hydrate  formed  by  the  combination  of  sulphuric  atdiydride  with 
water.  Bedsides  their  acid  ttiste^  dissolved  atids  or  acid  liydrates  have 
the  property  of  changing  to  red  the  blue  colour  of  certain  vegetable 
dyes.  Of  these  dyes  lifftms  is  particularly  remarkable  and  much  used. 
It  is  the  Idue  substance  extractetl  from  certain  lichens,  and  is  used  for 
dyeing  tissues  blue  ;  it  gives  a  blue  infusion  with  water.  This 
infusion,  on  the  addition  of  an  acid,  chanyf^H /torn  hJue.  to  red.-^** 

Basic  oxides,  in  combuiing  with  water,  form  hydrntes,  of  whiclij 
however,  very  few  are  soluble  in  water.  Those  which  are  solulde  in 
water  have  an  alkaline  taste  like  that  of  soajj  or  of  water  in  which  lishes 
have   been  boiled,  and  are  called  (dkaUs.     Further,  alkalis  luive  the 


*"  Bicitting  or  uns-izeU  jiuj>t>r,  Moaked  iii  ii  ^olutUni  of  litmui^,  ib  UBually  employed  for 
clutectiiijt;  the  presence  of  acidii.  Thin  paper  is  cut  into  ntripti,  and  in  called  test  paper  ; 
when  dipped  iiit<i  acid  it  inuiiediaiKly  turiiK  ted.  TIhr  is  a  iuttut  HeiiHJtive  reactiou,  and 
may  Xhs  eiuployed  for  LtiHliuj,*  for  tlie  leaJst  traces  of  acidn.  If  ILUHHi  parttiby  weiglit  of  water 
Iw  tiiixcd  wiili  1  part  of  Huljiliiiric  arid,  tli«  colnratinu  is  di^tijictly  p«r<^ptibk+i  tuid  it  is 
qaite  distitiguiHhiible  on  tin*  addition  of  ten  tinieK  more  w^t«*r.  Certiiin  prt^cjiutiona 
must,  however,  be  taken  in  the  prt^panttion  of  such  very  Hen<*itive  litniUB  palter.  LitmiiB 
IB  Htdd  Id  lumpH.  Tak^,  nay,  100  gnuuu  o^f  it ;  |xjund  it^  and  add  it  to  cold  pure  water  in 
&  Haf^k>  Shidce  and  decant  the  water.  Repent  tliift  three  tijneK,  Thin  ia  done  to  waali 
away  easily  nolubli?  iiiipuritieUf  wHpocially  alkaliN.  Tran.»»f»jr  the  washed  litmiiii  to  fk 
flask,  and  pour  in  (;5{liO  grtuns  of  water,  heat^  and  allow  lb*?  hot  infusion  to  reniaii)  for 
H*)nie  hours  in  a  wann  place.  Then  filter;  and  divide  thehltrate  into  two  parts.  Add  a 
few  dropH,  of  nitric  acid  ttt  one  pi>rtinnt  wn  that  a  faint  red  tiii^e  in  obtainerl,  and  then 
mijc  the  two  pc>rtion«.  Add  spirit  to  the  mixture^  and  keep  it  thuK  in  a  i*topperttd  bottle 
(it  mon  upoilw  if  lBftoj>ei>  to  tlie  air).  ThiH  iiiftiKion  may  be  employed  directly  ;  it  roddenis 
in  the  presence  of  ae ids,  and  tums  hlue  in  the  prehenee  of  alkalis.  If  evaporated,  a 
solid  mrtUB  i»  obtained  wdiicli  in  i^olnble  in  water,  and  may  h*?  kept  unchanged  for  any 
length  of  time.  The  tewt  paper  nmy  be  prei^ared  a»  ftdlowK :— Take  a  estroux  infuition  of 
litmuK,  and  ftoak  blottiiijj:  pajMir  with  it ;  drj'  it,  and  cut  it  into  strips,  and  ut*e  it  aa  tent- 
ptiiptr  for  aeidH.  For  the  deteetion  of  alkaliH,  the  i»a[ter  inufit  he  Mouked  in  a  solatipn 
mf  litmiiH  juKt  reddeninl  by  a  few  drops  of  acid  ;  if  too  much  acid  he  taken,  the  pajjer  will 
not  be  neiiHitive.  i?ut:h  acida  as  nnlphtiric  acid  colour  litmiiK.  and  e9i>etially  its  infuHion^ 
a  brick-red  colour,  whilst  nnire  feeble  acid»,  RUch  as  carl»onic,  ^ve  a  faint  red- wine  tinge. 
Teit- paper  of  a  yellow  colnur  ia  alhn  employed;  it  i»  dyed  by  an  infusion  of  tunuerio  rtxjti* 
in  fcpirit.  In  alkalis  it  tunm  browTi,  hut  regainH  its  original  hue  in  acids.  Many  bine 
and  other  vegetrdjle  colourinjr  matters  may  be  u&ed  for  the  detectinn  ol  acidw  and  alkaliif ; 
for  example,  iufiniinnH  of  cochineal,  violets,  log  woi:»d,  A;e,  CVrliun  artiHciallyiirepared 
(iubHtaiKe^^  niid  dyee  may  ulwi  be  employed.  Thus^  roT*ithe  acid.  C.j^^H|,;,0-,  and 
phenolphtkaleTn,  Cj,fHi.jO,j,  are  coloyrleSB  in  (ui  acid,  and  red  in  an  alkaline,  t^olution. 
Cyanine  in  alco  eolourleiiK  in  the  presence  of  ucirls,  and  ^fivet*  a  Idne  coloration  with 
alkalis.  TheHe  are  very  »enpitive  tt^KtFt.  Their  heliav  iour  m  rohi>fcict  to  variooB  acid(t| 
alkalis  and  dalts  Kometiitieii  givea  tlie  means  of  distin^aiiHhin>{  t^ubHtaiiceii  from  each 
other. 
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property  of  restoritig  the  blue  colour  to  lituius  which  hns  been  reddened 
by  the  action  o£  acids.  The  hydrates  of  the  oxides  of  sodium  and 
potussiunij  NaHf  >  and  KH^),  are  examples  of  htiMv  hydratt*s  easily 
soiuhlein  water.  They  are  true  alkalis,  and  are  teruifd  cftustic,  because 
they  act  very  powerfully  on  the  skiu  of  aninials  and  plants.  Thus 
NaHO  is  called  *  caustic  '  s*xia* 

Thus,  the  salbie  oxides  are  capable  of  combining  together  and  uith 
water.  Water  itself  is  an  oxide,  and  not  an  inditierent  one,  for  it  can, 
as  we  liave  seen,  combine  with  basic  and  acid  oxides  ;  it  is  a  rept^sen- 
tative  of  a  whole  series  of  saline  oxidei?^  inlermediaf*'  oxidfUj  capable  of 
couil lining  with  both  Ixisic  and  acid  oxides.  Tliere  are  many  such 
oxides,  which,  like  water,  combine  with  basic  and  acid  anhydrides — for 
instance,  the  oxides  of  aluuiiniimi  and  tin,  lVc,  Fi*om  this  it  may  lye 
concluded  thjit  all  oxides  nught  l>e  placed,  in  jespect  to  their  capacity 
for  C(.»nd>ining  with  ijne  am^ther,  in  one  uninten-upted  scries,  at  one 
exti*emity  of  %hicli  would  stand  those  oxides  which  ilo  not  ci*mbine 
with  the  bases — that  is,  the  alkalis — while  at  the  other  end  would  be 
the  acid  cjxides,  and  in  the  interval  those  oxides  which  combine  with 
one  another  and  with  hoth  the  acid  nnd  basic  oxides.  The  further 
apart  are  the  meiubcrs  of  this  series  the  rnoi^e  stable  are  the  c* impounds 
they  form  together,  tiic  moi-e  cnergetic^dly  ilo  they  act  on  eacli  other, 
the  greater  the  quantity  of  heat  evolvetl  in  their  reactifm,  and  the 
clearer  is  their  saline  chemical  character. 

We  said  above  that  Ijasic  and  acid  oxide.s  combine  t(»gether,  but 
rarely  react  on  each  other  ;  this  depctuls  on  the  fact  that  the  majority 
of  them  are  solids  or  gases — that  is,  they  occur  in  the  state  least  prone 
to  chemical  reliction.  Tiie  gaseo- elastic  state  is  with  tlitiicuity  destroyed, 
because  it  necessitates  overcnming  the  elasticity  jiroj>er  t<»  the  gaseous 
particles.  The  solid  state  is  chanicterised  liy  the  innnobiJity  of  its 
particles  ;  whilst  chemical  action  requires  contact,  and  hence  a  dis- 
placement and  molality.  If  solid  oxides  be  heated,  and  especially  if 
they  be  melted,  then  reaction  proceeds  with  gi'eat  ease.  Bui  such  a 
change  of  st^te  rarely  occurs  in  nature  or  in  practice.  In  a  few  furnace 
proce^ises  only  is  this  the  case.  For  example,  in  the  manufacture  of 
glass,  the  oxides  cuntained  in  it  combine  together  in  a  molten  stale. 
But  when  oxides  combine  with  water,  and  especially  when  they  form 
hydrates  soluble  in  water,  then  the  mobility  of  their  particles  increa.ses 
to  a  considerable  extentj  and  their  i*eaction  is  greatly  facilitated.  Re- 
action then  t^kcs  place  at  the  ordinary  temperature — eiisily  and  rapidly  ; 
so  that  this  kind  of  reaction  belongs  to  the  class  of  thuse  which  take 
place  with  unusual  facility,  and  are,  therefore,  very  often  taken  advan- 
tage of  in  practice,  and  also  havts  been  and  are  going  on  in  nature  at 
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every  step.  We  will  now  consider  the  reactions  of  oxides  in  the  state 
of  hydra. tes,  not  losing  sight  of  the  fact  that  water  is  itself  an  oxide 
witJi  deHnite  [iropei-ties,  and  has,  therefore,  no  little  induence  on  the 
course  ot"  those  eliiinges  in  which  it  takes  part. 

If  we  take  a  detinite  quantity  of  an  acid,  and  add  an  infusiuii  of 
litmus  to  it,  it  turns  red  ;  the  addition  of  an  alkaline  solution  does  not 
at  once  alter  the  red  colour  of  the  litmus,  but  mi  addin;^  more  and 
more  of  the  alkaline  solution  a  point  is  reached  when  the  red  colour 
chan|jfes  to  violet,  and  then  the  further  addition  of  a  fresh  quantity  of 
the  alkaline  solution  changes  the  colour  to  blue.  This  cliange  of  the 
colour  of  the  litmus  is  a  consequence  of  the  formation  of  a  new  com* 
pound.  This  reaction  is  termed  the  ttaiuration  or  n^utrafwation  of 
the  acid  by  the  base,  or  rw'e  venttt  The  solution  in  which  the  acid 
properties  of  the  acid  ai'e  saturated  by  the  alkaline  projierties  of  the 
base  is  termed  a  tu'utnd  solution.  Such  a  solution,  although  derived 
from  the  mixture  of  a  base  with  an  acid,  doe^  not,  however,  exhibit 
either  the  acid  oi-  basic  reaction  on  litmus,  y<?t  it  preserves  many  other 
siguM  of  the  acid  and  alkali.  It  is  obsei'vecl  that  in  such  a  detinit^e 
admixture  of  an  acid  with  an  alkali,  besides  the  change  in  the  colour 
of  litnms,  there  is  a  heating  eifect — 1\^.,  an  evolution  of  heat — ivhich  is 
al*»ne  sathcieot  to  prove  that  there  was  chemical  action.  And,  indeed, 
if  the  Vesultant  violet  solution  be  evaporated,  thei^e  separates  out,  nat^ 
the  acid  nor  the  alkali  onginally  taken,  but  a  substfiiice  which  has 
neither  acid  iior  alkaline  properties,  but  is  usually  subd  and  crystal* 
line,  havii^g  a  saline  appearance  ;  this  is  a  salt  in  the  chemical  sense  of 
the  word.  Hence  it  is  derived  from  the  reaction  of  an  acid  on 
an  alkali,  and  through  a  definite  relation  between  the  acid  and 
alkali.  The  water  here  taken  fur  soluti«*n  plays  no  other  part  than 
merely  faeili tilting  the  progress  of  the  reaction.  This  is  seen  from  the 
fact  that  the  a  nh  yd  rifles  of  the  acids  are  able  to  combine  with  bfisia 
oxides^  and  give  the  same  smalts  as  dn  the  acads  with  the  alkalis  or 
hydrates.  Hence,  a  salt  is  a  c^atqjnund  of  definite  quantities  of  an 
acid  with  an  alkali.  In  the  latter  reaction,  water  is  separatee  1  *»ut  if 
the  substance  formed  be  the  same  as  is  produced  by  the  ctunbinatitui  of 
anhydrous  oxides  tngether."''  Examples  of  the  formation  nf  salts  from 
acids  and  bases  are  easily  observed,  and  are   very  often   af»plied  in 

A'  ThiLt  water  really  iti  separated  iu  Uie  react iun  of  acid  on  alkaline  bydrtiti^R^  tuny  lie 
ahow^n  by  tukiiig  mofoe  other  intennediato  hydrate — for  iiittaiice,  tilumitia—*  in  stead  of 
Wlit**r.  Thus,  if  a  Holotion  ot  aHundiia  in  ttulphurit'  acid  he  taken,  it  will  have,  like  the 
acid,  a,n  acid  reaction^  aud  will  therttfore  colour  litiiiUK  red.  11,  m\  the  iilher  hand,  a. 
BolutJbn  of  altxiinna  in  un  alkali — for  iuHtance,  poiat^h — In."  taken,  it  will  have  tin  alkaliim 
reaction,  and  will  iuni  red  litniuH  Idue.  On  adding  th'U  iUkahne  to  the  iu.'i.d  aoluticjn 
until  neither  an  alkjiline  nor  an  acid  Teiactitjn  ik  prodtJc<»dt  a  salt  ih  formed.  couisiBting  of 
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practice.  If  we  take,  for  instance,  insoluble  magnesium  oxide,  it  is 
easily  dissolved  in  sulphuric  acid,  and  on  evaporation  gives  a  saline 
substance,  bitter,  like  all  the  salts  of  magnesium,  and  familiar  to 
all  under  the  name  of  Epsom  salts,  used  as  a  purgative.  If  a  solu- 
tion of  caustic  soda — which  is  obtained,  as  we  saw,  by  the  action  of 
water  on  sodium  oxide— be  poured  into  a  flask  in  which  charcoal  has 
been  burnt  ;  or  if  carbonic  anhydride,  which  is  produced  under  so  many 
circumstances,  be  passed  through  a  solution  of  caustic  soda,  then  sodium 
carbonate  or  soda,  Na^COg,  is  obtained,  of  which  we  have  spoken  several 
times,  and  which  is  prepared  on  a  large  scale  and  often  used  in  manu- 
factures. This  reaction  is  expressed  by  the  equation,  2NaH04-C02= 
NajCOj  -h  HjO.  Thus,  the  various  bases  and  acids  form  an  innumer- 
able number  of  different  salts.  "^^  Salts  constitute  an  example  of  definite 
chemical  compounds  which,  both  in  the  history  and  practice  of  science, 

Bolphuric  anhydride  and  potassimn  oxide.  In  this,  as  in  the  reaction  of  hydrates,  an 
intermediate  oxide  is  separated  out — namely,  alumina.  Its  separation  will  be  very 
evident  in  this  case,  as  alumina  is  insoluble  in  water,  whilst  its  compounds  with  the 
acid  and  alkali,  like  the  compound  of  an  alkali  with  an  acid — i.e.,  a  salt — are  soluble 
in  water,  and  therefore  on  mixing  the  solutions  of  alumina  in  an  acid  and  an  alkali,  it  is 
precipitated  as  a  gelatinous  hydrate. 

^  The  mutual  interaction  of  hydrates,  and  their  capacity  of  forming  salts,  may  be 
taken  advantage  of  for  determining  the  character  of  such  hydrates  as  are  insoluble  in 
water.  Let  us  imagine  that  a  given  hydrate,  whose  chemical  character  is  unknown,  is 
insoluble  in  water.  It  is  therefore  impossible  to  test  its  reaction  on  litmus.  It  is  then 
mixed  with  water,  and  an  acid — for  instance,  sulphuric  acid — is  added  to  the  mixture.  If 
the  hydrate  taken  be  basic,  reaction  will  take  place,  either  directly  or  by  the  aid  of 
heat,  with  the  formation  of  a  salt.  In  certain  cases,  the  resultant  salt  is  soluble  in 
water,  and  this  will  at  once  show  that  combination  has  taken  place  between  the 
insoluble  basic  hydrate  and  the  acid,  with  the  formation  of  a  soluble  saline  substance.  In 
those  cases  where  the  resultant  salt  is  insoluble,  still  the  water  loses  its  acid  reaction, 
and  therefore  it  may  be  ascertained,  by  the  addition  of  an  acid,  whether  a  given 
hydrate  has  a  basic  character,  like  the  hydrates  of  oxide  of  copi)er,  lead,  &c.  If 
the  acid  does  not  act  on  the  given  insoluble  hydrate  (at  any  temperature),  then 
it  has  not  a  basic  character,  and  it  should  be  tested  as  to  whether  it  has  an  acid 
character.  This  is  done  by  taking  an  alkali,  instead  of  the  acid,  and  by  observing 
whether  the  unknown  hydrate  then  dissolves,  or  whether  the  alkaluie  reaction  dis- 
appears. Thus  it  may  be  proved  that  hydrate  of  silica  is  acid,  because  it  dissolves  in 
alkalis  and  not  in  acids.  If  it  be  a  case  of  an  insoluble  intermediate  hydrate,  then  it 
will  be  observed  to  react  on  both  the  acid  and  alkali.  Hydrate  of  alumina  is  an 
instance  in  question,  which  is  soluble  both  in  caustic  potash  and  in  sulphuric  acid. 
But  it  must  be  remarked  that  intermediate  oxides,  in  an  anhydrous  state,  often 
evince  great  resistance  to  the  formation  of  saline  compounds.  Thus  alumina  or 
aluminium  oxide,  in  the  anhydrous  form  in  which  it  is  met  with  in  nature,  and  which 
forms  a  crystalline  substance,  is  insoluble  in  this  form  both  in  solutions  of  alkalis  and 
of  acids.  In  order  to  convert  it  into  a  soluble  form,  it  must  be  ground  into  a  fine 
powder  and  fused  together  with  certain  acid  compounds,  which  are  unchanged  by 
heat,  such  as  acid  potassium  sulphate. 

The  degree  of  ajffinity  or  chemical  energy  proper  to  oxides  and  their  hydrates  is  very 
dissimilar;  some  extreme  members  of  the  series  have  it  to  a  great  extent.  When  acting 
on  each  other  they  evolve  a  large  quantity  of  heat,  and  when  acting  on  intermediate 
hydrates  they  also  evolve  heat  to  a  considerable  degree,  as  we  saw  in  the  combi- 
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are  most  often  cited  as  confirming  the  conception  of  definite  chemical 
compounds.  Indeed,  all  the  indications  of  a  definite  chemical  combina- 
tion are  clearly  seen  in  the  formation  and  properties  of  salts.  Thus, 
salts  are  produced  with  a  definite  proportion  of  oxides,  heat  is  evolved 
in  their  formation,'*'*  and  the  character  of  the  oxides  and  many  of  their 
physical  properties  are  hidden  in  salts.  Thus,  when  gaseous  carbonic 
anhydride  combines  with  a  base  to  form  a  solid  salt,  the  elasticity  of 
the  gas  quite  disappears  in  its  passage  into  the  salt.*^ 

Judging   from    the   above,    a   salt   is   a   compound  of    basic   and 

nation  of  lime  and  sulphuric  anhydride  with  water.  When  extreme  oxides  combine  they 
form  stable  salts,  which  are  difficultly  decomposed,  and  often  show  characteristic  proper- 
ties. The  compounds  of  the  intermediate  oxides  with  each  other,  or  even  with  basic  and 
acid  oxides,  present  a  very  different  case.  However  much  alumina  we  may  dissolve 
in  sulphuric  acid,  we  cannot  saturate  the  acid  properties  of  the  sulphuric  acid,  the 
resulting  solution  will  always  have  an  acid  reaction.  So  also,  whatever  quantity  of 
alumina  is  dissolved  in  an  alkali,  the  resulting  solution  will  always  present  an  alkaline 
reaction. 

*'  In  order  to  give  an  idea  of  the  quantity  of  heat  evolved  in  the  formation  of  salts, 
I  append  a  table  of  data  for  very  dilute  aqueous  solutions  of  acids  and  alkalis,  accord- 
ing to  the  determinations  of  Berthelot  and  Thomsen.  The  figures  are  given  in  major 
calories — that  is,  in  thousands  of  units  of  heat.  Hence,  49  grams  of  sulphuric  acid, 
H2SO4,  taken  in  a  dilute  aqueous  solution,  when  mixed  with  such  an  amount  of  a  weak 
solution  of  caustic  soda,  NaHO,  that  a  neutral  salt  is  formed  (when  all  the  hydrogen  of 
the  acid  is  replaced  by  the  sodium),  evolves  15800  units  of  heat.  A  star  signifies  the 
formation  of  an  insoluble  salt. 


49  parts  of 

63  parts  of     ' 

49  parts  of 

6.3  parts  of 

H,SO, 

HNO, 

}I,.S(), 

HNO3 

NaHO 

.     15-8 

13-7 

MgO  . 

.     15-6 

13-8 

KHO. 

.     15-7 

13-8 

FeO    . 

.     l'2-5 

10-7  (?) 

NH3   . 

.     14-5 

12-5 

ZnO    . 

.     11-7 

9-8 

CaO   . 

.     15-6 

13-9 

Fe,03 

.       5-7 

5-9 

BaO  . 

.     18-4* 

13-9 

These  figures  cannot  be  considered  as  the  heat  of  neutralisation,  because  the  water 
here  plays  an  important  part.  Thus,  for  instance,  sulphuric  acid  and  caustic  soda  in 
dissolving  in  water,  evolve  very  much  heat,  and  the  resultant  sodium  sulphate  very  little  ; 
consequently,  the  heat  evolved  in  an  anhydrous  state  will  V>e  different  from  that  in  a 
hydrated  state.  Those  acids  which  are  not  energetic  in  combining  with  the  same  quan- 
tity of  alkalis  as  is  required  for  the  formation  of  normal  salts  of  sulphuric  or  nitric 
acids  always,  however,  give  less  heat.  For  example,  with  caustic  soda :  carbonic  acid 
jfives  10'2,  hydrocyanic  2"9,  hydrogen  sulphide  3'9.  And  as  feeble  bases  (for  example, 
Fe^O,',)  also  evolve  less  lieat  than  those  which  are  more  jjowerful,  so  a  certain  general 
congelation  between  thermochemical  data  and  the  conception  of  the  measure  of  afhnity 
shows  itself  here,  as  in  other  cases  {nee  Chap.  II.,  Note  7),  which  does  not,  however,  give 
any  reason  for  judging  of  the  measure  of  the  affinity  which  binds  the  elements  of  salts 
by  the  heat  of  the  formation  of  salts  in  dilute  solutions.  This  is  rendered  esj^ecially 
clear  from  the  fact  that  water  is  able  to  decompose  many  salts,  and  is  separated  in  their 
formation. 

^*  Carbonic  anhydride  evolves  heat  in  dissolving  in  water.  The  solution  easily  dis- 
sociates and  evolves  carbonic  anhydride,  according  to  the  law  of  Henry  and  Dtilton  {see 
Chap.  I.,  p.  7H).  In  dissolving  in  caustic  soda,  it  either  gives  a  normal  salt,  Na^COj, 
which  does  not  evolve  carbonic  anhydride,  or  an  acid  salt,  NaHCOj,  whicli,  in  disso- 
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acid  oxides,  or  the  reault  of  the  action  of  hydi-ates  of  these  clasaen 
on  each  other,  with  separation  of  water.  But  salt^  may  be  obtaitied 
by  otlier  nietho<ls.  Let  us  not  forget  that  Imsic  ox  id  as  are  fonuetl 
by  metiils,  and  acid  ijxide.s  often  by  nun -metals.  But  met^ils  and 
non-metals  are  capable  of  combining  together,  and  a  salt  is  frequently 
formed  by  the  oxidation  of  such  a  compnind.  For  exaniple^  iron  very 
easily  eoiiibines  with  sulphur,  forming  iron  sulphide  (as  we  saw  in  the 
Tntnxluction)  ;  this  in  air,  and  especially  moist  air,  absorbs  oxygen, 
with  the  fonufition  of  the  same  saltai^  may  be  obt^iineti  by  the  conibina- 
tion  of  the  oxides  <>f  imn  and  sulphur^  or  tif  the  hydrates  of  these 
oxides.  Hence,  it  cannot  be  s^iid  cr  supposed  thjit  a  sidt  contains 
the  principles  of  the  <»xideH,  or  that  a  salt  must  nece^wirily  contJiin  trwo 
kinds  of  oxides  in  itself.  The  same  conclusion  nmy  be  arrived  at  by 
inve.stigating  the  different  other  methods  of  the  formation  of  s^dts^ 
thus,  for  instance,  many  salts  enter  into  doulile  decumpositton  with  the 
metals,  in  which  case  the  acting  metal  replaces  that  which  origintdly 
ocj-iurreil  in  the  &dt.  As  we  saw  in  tlie  IntnKloction,  imn,  when  place^l 
in  a  solution  of  copper  sulphate,  separates  out  the  copper,  and  fonns 
an  iron  salt.  Thus,  the  derivation  of  sjilt^s  from  oxides,  is  only 
one  of  the  methods  uf  their  prepti ration,  there  being  many  others, 
and,  therefore,  it  cann<>t  be  attirrued  that  a  siilt  is  simply  the  compound 
of  two  oxides.  We  saw,  for  instance,  tha*.  in  sulphuric  acid  it  was 
possible  to  replace  the  hydi*ogen  hy  zinc,  and  that  by  this  means  xine 
sulphate  was  formed  ;  so  likewise  the  hydrogen  in  nmny  other  acids 
may  be  replace+l  by  zinc,  iron,  potassium,  so<hum,  antl  a  whole  series  of 
sindlar  metals,  corres|>onding  salts  being  obtainetL  The  hydrogen  in 
the  water  of  the  acid,  in  this  case,  is  exchanged  for  a  met*il,  and  a  salt 
is  obtained  fnun  the  hyfJrate.  Tn  this  sense  of  a  Sfilt  it  nmy  be  said, 
that  a  salt  h  aji  acid  i?i  which  hydrogen  is  i*f'p faced  by  a  mHaL  Such 
a  definition  will  1>e  much  more  exact  than  that  preWously  given,  for  it 
refers  directly  t^  elements  and  not  ti>  their  crunpounds  with  oxygen. 
It  shows  tijat  a  salt  and  an  acid  are  essentially  compt»unds  of  the  same 
aeries,  with  the  difference  that  the  latter  contains  hydrogen  and  the 
former  a  metal.  Such  a  definition  is  still  more  exact  than  the  tirst 
detinition  of  salts  in  respect  to  its  referring  likewise  to  those  acids 
which  do  not  contain  oxygen,  and,  as  we  shall  afterwards  learn,  there 
is  a  ser-ies  of  such  acids.     Such  elements  as  chlorine  and  bromine  fonn 


ciatingr  evolves  carbonic  anhydride.  The  s<Line  gas.  when  dissolved  in  iu>lutiona  of  NiUis, 
hcIh  in  oac  or  the  other  manner  {ftrt  CUmp.  11.^  NoteSSK  Hert*  it  ta  seen  wkat  a  socceKftive 
!ierii'«  of  relations  exit^tti  b<.4w<!en  com[>ouiKl»  of  a  dilTfrent  order,  Lwetween  suh^ 
stAnoe«  of  ttiflferent  degree*  of  »iiibility.  Were  tjolationa  diNtindtty  aepwrated  tttim 
chemtctil  compounds,  we  should  not  be  able  Lo  neit  lho»e  natunil  tntiiftitionH  which  e^lst 
hi  reftUty. 
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compounds  with  hydrogen,  in  which  the  hydrogen  may  be  replaced  by 
a  metal  forming  substances  which,  in  their  reactions  and  external 
characters,  resemble  the  salts  formed  from  oxides.  Table  salt,  NaCl, 
is  an  example  of  this.  It  may  be  obtained  by  the  replacement  of  hydro- 
gen in  hydrochloric  acid,  HCl,  by  the  metal  sodium,  just  as  sulphate 
of  sodium,  Na2S04,  may  be  obtained  by  the  replacement  of  hydrogen 
in  sulphuric  acid,  HgSO^,  by  sodium.  The  exterior  appearance  of  the 
resulting  products,  their  neutral  reaction,  and  even  their  saline  taste, 
show  their  mutual  resemblance ;  as  the  acid  reaction,  the  property  of 
saturating  bases,  the  capacity  of  exchanging  their  hydrogen  for  some 
metal,  and  the  acid  taste,  show  the  common  properties  belonging  to 
hydrochloric  and  sulphuric  acids. 

To  the  fundamental  properties  of  salts  yet  another  must  be  added — 
namely,  that  they  &Te  more  or  leas  decomposed  bt/  the  action  of  a  galvanic 
current.  The  results  of  this  decomposition  are  very  different,  accord- 
ing to  whether  the  salt  be  taken  in  a  fused  or  dissolved  state.  But 
the  decomposition  may  be  so  represented,  that  the  metal  appears  at  the 
electro-negative  pole  (like  hydrogen  in  the  decomposition  of  water,  or 
its  mixture  with  sulphuric  acid),  and  the  remaining  parts  of  the  salt 
appear  at  the  electro- positive  pole  (where  the  oxygen  of  water  appears). 
If,  for  instance,  an  electric  current  acts  on  an  aqueous  solution  of  sodium 
sulphate,  then  the  sodium  appears  at  the  negative  pole,  and  oxygen 
and  the  anhydride  of  sulphuric  acid  at  the  positive  pole.  But  in  the 
solution  itself  the  result  is  different,  for  sodium,  as  we  know,  decom- 
poses water  with  evolution  of  hydrogen,  forming  caustic  soda  ;  conse- 
quently hydrogen  will  be  evolved,  and  caustic  soda  appear  at  the 
negative  pole  :  while  at  the  positive  pole  the  sulphuric  anhydride 
immediately  combines  with  water  and  forms  sulphuric  acid,  and  there- 
fore oxygen  will  be  evolved  and  sulphuric  acid  formed  round  this 
pole.'*'*  In  other  cases,  when  the  metal  separated  is  not  able  to  decom- 
pose water,  it  will  be  deposited  in  a  free  state.  Thus,  for  example,  in 
the  decomposition  of  copper  sulphate,  copper  separates  out  at  the 
cathode,  and  oxygen  and  sulphuric  acid  appear  at  the  anode,  and 
if  a  copper  plate  be  attached  to  the  positive  pole,  then  the  oxygen 
evolved  will  oxidise  the  copper,  and  the  oxide  of  copper  will  dissolve  in 
the  sulphuric  acid  which  is  formed  around  this  pole  ;  hence  the  copper 
will  be  dissolved  at  the  positive,  and  deposited  at  the  negative,  pole — 

**  This  kind  of  decompoHition  maybe  easily  observed  by  pouring  a  solution  of  sodium 
salphate  in  a  U-shaped  tube  and  inserting  electrodes  in  both  branches.  If  the  solution 
be  coloured  with  an  infusion  of  litmus,  it  will  easily  be  seen  that  it  turns  blue  round  the 
electro-negative  pole,  owing  to  the  formation  of  sodium  hydroxide,  and  red  at  the 
electro-positive  pole,  from  the  formation  of  sulphuric  acid. 
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that  is,  a  transfer  of  copper  from  the  positive  to  the  negative  pole 
ensues.  The  galvanoplastie  art  (electrotyping)  is  based  on  this 
principle.'^^  Therefore  the  most  radical  and  general  properties  of  salts 
(including  also  such  salts  as  table  salt,  which  contains  no  oxygen)  may 
be  expressed  by  representing  the  salt  as  composed  of  a  metal  M  and  a 
haloid  X — that  is,  by  expressing  the  salt  by  MX.  In  common  table 
salt  the  metal  is  sodium,  and  the  haloid  an  elementary  body,  chlorine. 
In  sodium  sulphate,  Na2S04,  sodium  is  again  the  metal,  but  the 
complex  group,  SO4,  is  the  haloid.  In  sulphate  of  copper,  CuSO^,  the 
metal  is  copper,  and  the  haloid  the  same  as  in  the  preceding  salt. 
Such  a  representation  of  salts  expresses  with  great  simplicity  the 
capacity  of  every  salt  to  enter  into  saline  double  decompositions  unth 
ether  salts  ;  consisting  in  the  mutual  replacement  of  the  metals  in  the 
salts.  This  exchange  of  their  metals  forms  the  fundamental  property 
of  salts.  If  there  be  two  salts  with  different  metals  and  haloids,  and 
they  be  in  solution  or  fusion,  or  any  other  manner,  brought  into  con- 
tact, then  the  metals  of  these  salts  will  always  partially  or  wholly 
exchange  places.  If  we  designate  one  salt  by  MX,  and  the  other  by 
NY,  then  we  either  partially  or  wholly  obtain  from  them  new  salts, 
MY  and  NX.  Thus  we  saw  in  the  Introduction,  that  on  mixing 
solutions  of  table  salt,  NaCl,  and  silver  nitrate,  AgN03,  a  white 
insoluble  precipitate  of  silver  chloride,  AgCl,  is  formed,  and  a  new  salt, 
sodium  nitrate,  NaNOg,  is  obtained  in  solution.  If  the  metals  of  salts 
exchange  places  in  reactions  .of  double  decomposition,  it  is  clear  that 
metals  themselves,  taken  in  a  separate  state,  are  able  to  act  on  salts,  as 
zinc  evolves  hydrogen  from  acids,  and  as  iron  separates  copper  from 
copper  sulphate.  When,  to  what  extent,  and  which  metals  displace  each 
other,  and  how  the  metals  are  distributed  between  the  haloids,  all  this  we 
will  discuss  later  on,  guided  by  those  reflections  and  deductions  which 
Berthollet  introduced  into  the  science  at  the  beginning  of  this  cen- 
tury. 

According  to  the  above  observations,  an  acid  is  nothing  more  than 
a  salt  of  hydrogen.      Water  itself  may  be  looked  on  as  a  salt  in  which 

**  In  other  cases  the  decomposition  of  salts  by  the  electric  current  may  be  accom- 
panied by  mnch  more  complex  results.  Thus,  when  the  metal  of  the  salt  is  capable  of  a 
higher  degree  of  oxidation,  such  a  higher  oxide  may  be  formed  at  the  positive  pole  by 
the  oxygen  which  is  evolved  there.  This  takes  place,  for  instance,  in  the  decomposition 
of  salts  of  silver  and  manganese  by  the  galvanic  current,  peroxides  of  these  metals  }>eing 
formed.  If  the  metal  separated  at  the  negative  pole  acts  on  a  salt  occurring  in  the 
solution,  then  it  may  do  so  at  this  pole,  and  in  this  manner  the  phenomena  of  the  ar;tion 
of  a  current  on  a  salt  are  in  many  cases  rendered  remarkably  complicated.  But  all  the 
phenomena  as  yet  known  may  be  expressed  by  the  above  law — that  the  current  decom- 
poses salts  into  metals,  which  appear  at  the  negative  pole,  and  into  the  remaining  com- 
ponent parts,  which  appear  at  the  positive  pole. 
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the  hydrogen  is  combined  with  either  oxygen  or  the  af|ueous  radicle^ 
OH  ;  water  will  then  be  HOH^  and  alkalies  or  basic  hydrates,  MOH. 
The  group  OH,  or  the  nfjnt'Ofts  radich^  otherwise  called  hydro,y^l^  may  ] 
be  hooked  on  as  a  haloid  like  the  clilorioe  \i\  tablt?  salt,  not  only  because 
the  element  CI  and  the  group  OH  very  often  change  places,  and  com- 
bine with  one  and  the  s/une  element,  but  also  because  free  cldorine  is.| 
very  similar  in  many  respects  and  reactions  to  peroxide  of  hydrogen^ 
which  is  the  same  in  composition  as  the  atjueous  nuUcle^  as  we  shall  after-  | 
wards  see.     Alkalis  and  basic  hydrates  are  also  salts  consisting  of  a 
metal  and  hydroxy  1 — for  instance,  caustic  soda,  NaOH  ;  this  is  therefore 
termed  sodium  hi/droxide.     According  to  tliis  view,  u^id  saft^  are  those 
in  which  a  portion  only  of  the  hydrogen  is  replaced  by  a  nietah  and  a. 
portion  of  the  hydrogen  of  the  acid  remains.     Thus  sulphuric  (HgSO^f 
acid  with  snrlium  not  only  gives  the  normal  suit  Na^SO,,  hut  also  an 
acid  siilt^  NaHSO^.      A  hnsir.  sah  is  one  in  which   the  metal  is  com- 
bined nut  only  with  the  haloids  of  acids,  but  also  with  the  aqueous  radicle 
of  basic  hydrates — for  example,  Ijisnmth  gives  not  oidy  a  normal  Bait, 
of  nitric  acirl,  Bi{NO^}3,  but  also  basic  salts  like  Bi(OH)5(X03).     As 
basic   and  acid   salts    corresponding  with    the   oxygen   acids  contain 
hydrogen   and  oxygen »  they  are   therefore  able   to   part  with  these  aa 
water  arul  to  give  anhydru* salts,  which  it  is  evident  will  be  equal  to 
compounds  of  normal  salts  with  anhydrides  of  the  acids  or  with  bjises. 
Thus  tl:e   above-mentioned  acid    sodium   sulphate    con*esponds    wnth 
the  anhydro-salt,   Na^H-^O;,  equal  to  2NaH80,,  less  H^O.     The   losa 
of    water  is    here,  and  frequently  in    other  cases,  brought    about    byi 
heat  alone,  and  therefore  such  salts  are  fref[uently  termed  pyrosaJtit — I 
for  instance,  the  preceding  is  sodium  pyrosulphate  (Na.^S^O^),  or  it  may  I 
W  regarded  as  the  normal  salt  Na-.SO^  +   sulphuiic  anhydride,   SO^.  ' 
iJofdde  salts  are  those  wdiich  contain  either  two  met^xls,  KAl(8C>j)j,  or 
two  haloids.^^ 

*'  The  .al>ove-ei  nunc  ill  Led  genemlieation  of  the  conception  of  »iilt»  as  coinpK^iiiidfi  of 
the  metals  (nimplet  vt  compound  likH  ftininoniuiii,  NH,l,  with  the  buloids  (airopl**.  like 
chlorinei,  nr  roiiiiKiuiuli,  like  t-yiiTiojjfen,  CN^  or  the  mdifle  of  Hulphtirir  acid,  S0|),  eii.p«ibLe 
of  entering  itito  double  khHiib  decomi»owitioii,  which  m  Lu  iiccordiuu-e  with  the  geiii'mi 
dtttii  retiijeitiug  tudtH,  wan  ciiily  foruiod  little  hy  little  after  n  Huccc^ftion  of  mo«i  varied  i 
propottitioiii}  (Vfi  lUi  the  cViemical  structure  of  salts. 

HblIIk  Ih^Iohr  to  tVie  chitHH  of  HubMttLmeeft  which  hiiv*?  long  been  knowu  in  pr«ioliee,  nnd 
thertifore  were  ntudied  in  nmny  r*^Hj>«ctj*  from  yavj  f^r  back.  At  hrut,  however,  no  dis- 
tinction wan  made  between  the  coiiceptionH  of  nails,  at^id^i.  and  baueH,  Glanher  prepared 
many  artificial  saltn  diirinjf  the  latter  htilf  of  i\w  rteventeenth  century.  Vp  to  that  time 
the  mrtjority  of  mXis^  were  ohtnincd  from  natural  Hottrcifupi,  »4iid  that  malt  wliich  w«  have 
alreiwly  mentioned  several  timew — numtly,  Mxlium  Rulphat*^ — was  named  Glauber'i*  saH 
after  IhiB chemiftt.  Rout^lle  diHtinguiHhed normul, aiid,  uiid  basic  »altH,  and  showed  their  j 
iU'tioiimi  vej^etable  dyes,  btill  be  c^mfoUiided  many  nalts  with  tictdw  (by  the  Wfty»  we  ought*  ] 
now  tfj  i'ull  every  thcid  aalt  an  acid,  becaUi^e  it  eontaiu^  hydrogen,  wbicli  may  be  replaced 
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Inasmuch  as  oxygen  coin  pounds  predominate  in  natui'e,  it  should 
be  expected,  from  what  lias  been  said  above^  that  the  o<*curi*enoe  of 
salts,  rather  than  of  rac'ids  or  bases,  would  he  most  frequent  in  nature, 
for  the  latter  on  meeting,  especially  under  the  medium  of  the  all-per- 


by  melaU — that  ib,  it  ii  the  hydrogen  of  1111  i\eidl.  Baunie  di»puU*d  RoiaeUe's  opinion 
concerning  the  suhdivisitni  of  »aM%  eontending  that  uoruiu.]  aalis,  only  are  tnie  mkh%  and 
tlwt  basic  HAltB  iLr«  Himple  mixtoi^ii  of  normal  suitn  with  haHi^H  mnd  ticid  haHh  with  fteidft, 
considering  Chut  wanhtng  alone  could  remove  th*!  bane  or  acid  from  them.  Ronelle.  in  the 
middle  of  the  lii»*t  century,  however^  renderetl  u  g^reut  service  to  thu  atudy  of  stdtH  and 
the  diffciftion  of  knowk*dg«  r«*«?pectintr  thiH  class  of  eoinpoundft  in  hii*  attractive  k^ctures. 
He,,  like  the  majority  of  the  chcmiiitH  of  that  iwrifxl,  did  not  employ  thi?  bftknoe  in  hift 
reaearchen,  but  Katisfied  himself  with  purely  qoalitative  data.  The  flr^t  quantitative 
researches  ou  salts  were  cturried  on  by  Wernzel  abont  this  time.  He  was  the  direct-i^r  tif 
the  Freiburg  mines,  in  Saxony.  Weuzel  studied  the  doable  decomposition  of  »ialti^,  and 
he  observed  that  in  the  double  decomposition  of  neutral  aaltw  a  neutral  *alt  was  always 
obtained.  He  proved,  by  a  method  of  wei«fhing',  that  thin  ik  doe  to  the  fact  that  the  SAttini^ 
iion  nf  a  given  fjmintity  of  a  batte  requirefn  Huch  relative  (joantitiea  of  different  acids  as  are 
CMipablt*  of  aiiturating  every  other  base.  Having  taken  two  neotral  fialtM— for  example, 
sodium  sulphate  ami  calcium  nitrate — let  u»i  mix  their  luilutione  together.  Double 
decomposition  Uxkvs  phu-e,  because  the  almoist  insoluble  calcium  sulphate  In  formed. 
However  much  we  mi^ht  add  of  each  of  the  Halts,  the  neutral  reaction  will  «till  be  pre* 
scrvedj  conaequently  the  neutral  eharack^r  of  the  snUa  is  not  destroyed  by  the  inter- 
change  of  tuetals;  that  is  to  miy,  that  cjuantity  of  sulphuric  acid  which  Kalurated  the 
sodiam  ja  aufficieut  for  the  saturation  of  the  calcium,  and  that  aniouut  of  nitric  acid 
which  saturated  the  ejdcium  h  enough  to  naturute  the  Hodium  coutained  in  cambiuatlon 
with  sulphuric  acid  in  swliivm  sulphate.  Wenzel  was  even  convinced  that  matter  does 
not  disappear  in  nature,  and  on  this  principle  he  corrects^  in  hiH  Doctrine  uf  A^mttf^ 
the  resuitfi  of  hi*  experiments  when  he  remarked  that  he  obtained  less  tliau  he  Imd  origi- 
nally taken.  Although  Weuj&el  deduced  the  law  of  the  double  decomppsition  of  ^ialtfi 
qaite  correctly,  he  did  not  determine  tbofie  quantities  in  which  acids  imd  baaeB  act  on 
each  other.  Thin  was  done  ijuiUi  at  the  end  of  the  la^t  century  by  Richter.  He  det^-^r- 
mined  the  quantities  by  weight  of  the  ba»ep  wliich  saturate  acida  and  of  the  acids  which 
Mkttirate  baeee,  and  be  obtiuned  comparatively  correct  reaultn,  although  IiIk  concluuiouK 
were  not  correct,  for  he  statea  that  the  quantity  of  a  baae  aatcirating  a  given  acid  varieK 
in  arithmetical  progression,  and  the  quantity  of  an  acid  saturating  a  given  baae  in  geu^ 
metrical  progresnion.  Richter  ssttidied  the  deposition  of  metak  from  their  ealts  by  otljcr 
metala,  and  observed  that  the  neutral  reaction  of  the  aolution  in  not  destroyed  by  tliifi 
exchange*  He  also  determined  the  quantities  liy  weight  of  the  metals  replacing  one 
another  in  tjalts.  He  showed  that  copfier  displaces  silver  from  its  salts,  and  that  zinc 
displaces  copper  and  a  whole  s^eries  of  other  mettds.  Those  quantities  of  metals  which 
wer«  capable  of  replacing  one  another  were  termed  tKjuivalents. 

Bichter'a  teaching  found  no  followers,  because,  although  be  fully  believed  in  tlie  dis- 
ooveries  of  Lavoisier^  yet  bo  still  held  to  the  phlogistic  reasoningB  which  rendered  hie 
expositions  very  obHcure,  The  works  of  the  Swedish  savant  Berzelius  freed  the  facts 
discovered  by  Wetizel  and  Richter  from  the  obscurity  of  former  ctmception«,  and  led  to 
their  being  explained  in  accordance  with  LavoiHier's  views,  and  in  tlie  Hense  of  the  law 
of  multiple  proportions  which  Inwl  already  been  discovered  by  Daltoti,  On  applying  to 
aalts  those  conclusions  which  Be rze litis  arrived  at  by  a  whole  series  of  researches  of  re- 
markable ibccuracy,  we  are  obliged  to  acknowledge  the  following  law  of  equivalents — 
one  part  by  leei^ht  of  hijtlrogi'u  in  an  ttaid  it  replaced  by  the  cirrrrHpomlinif  equivatrfU 
weight  of  any  metal ;  an<l,  therefore,  when  metals  replace  each  other  their  weights  are  in 
the  same  ratio  aH  their  e<iuivalents.  Thu«p  for  instance,  one  part  by  weight  of  hydrogen 
is  replaced  by  39  parts  of  sodium,  ao  partti  of  jiotasBium,  12  parts  of  magnesium,  20  part« 
VOL.   I.  O 
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vadiiig  water,  form  salts*     And,  iiitleerl,  salts  are  found  every wliei*e 
in  nature-     In  animals  ami  plants  they  nccufj  although  in  but  small 


of  calcinnt,  28|iftrtH  of  ir*m,  K)8  parts  of  nilver.  38  jmrtH  of  zinc,  itc;  and  therefore,  if  xinc 
rt'pW'ei*  silver^  then  33  purtw  af  zinc  will  tiike  the  place  of  llJM  |nirtK  of  f^ilvetj  or  33  piurts 
of  zine  will  be  Rubfititutetl  hy  2JJ  pai-in  of  H<:H5imti,  itc. 

The  doftrine  of  eqmviLleiiiti  wouki  he  precise  and  simple  did  ev<?ry  metftl  only  give 
one  nx'ult*  or  one  salt.  It  is*  rendered  complicated  froui  the  fact  that  iiiaTiy  inetaU  fomi 
several  oxides,  and  conseqaently  offer  different  er^uiviilents  in  their  different  degT^en  of 
ojtidntioii.  For  example,  there  are  oxides  containinj?  iron  in  which  its  ecjuivi^lent  in 
28 — this  is  in  the  ealts  formed  by  the  fiuboxide  ;  and  there  i»  another  series  of  aolta 
in  which  tlie  equivahmt  of  iron  eqwalH  IM^ — which  contain  less  iron,  and  couse- 
rinently  more  oxypen,  and  con-eepnnd  with  a  higher  decree  of  oxidation — ferric 
oxide.  It  is  tme  that  the  former  salt»  are  easily  formed  by  the  direct  action  of 
nii'tulhc  iron  on  acidft,  and  the  latter  oidy  by  a  fnrther  oxidation  of  the  compound 
fonned  already ;  but  thin  ih  not  always  so*  In  the  cafte  of  co[»per,  mercury,  and 
tin,  nnder  different  circumntancesT  th^^r**  are  formed  salts  which  rorre*«[iond  with 
diffi^rent  degreeK  of  oxidation  of  these  itietalt^,  and  many  mt^tals  havi^  twn  e<|uivalents 
in  tlieir  different  salts — that  in,  in  saltf*  correspmulinf?  with  the  different  dej,T«?«»  *>f 
oxidation.  Thus  it  is  imjioattible  to  endow  every  metfll  with  one  definite  e<]uii'Aletit 
weijjfht.  Therefore  the  conception  of  ixpiivalents,  while  playing  au  important  part 
frjim  iin  hifttorital  point  of  view,  nppean*,  with  a  fuller  study  of  chemtfttrj ,  Ut  Im*  but  an 
incidental  crtnception,  siihordinatt*  to  a  higher  one,  with  wliich  we  i*haU  aftervrardgi 
become  fttqnainted. 

The  fate  of  the  theoretical  ^-lews  of  chemintry  wa«  for  n  long  time  bound  up  with 
the  history  of  aalts.  TJie  clearest  representation  of  thi«  f»uhject  dates  back  to 
Lavoisier,  and  wns  very  severely  developed  by  Berzeliiis*  This  representation  ik  called 
the  bindTif  theory.  All  cnuipountbi,  and  eapecially  saltn,  are  repreftetvted  aa  conaiating 
of  two  partft.  Salts  are  represented  as  a  compound  of  a  basif  oxide  la  baHe)  luid  au 
iioid  (that  is>  an  anhydride  of  an  at'id,  then  termed  an  acid),  whilst  hydrates  iire  repre- 
fkentcd  an  componndn  of  anhydrouH  iixidcfi  with  water.  They  employed  Huch  an  expres- 
nion  not  only  to  d*?note  the  most  nniml  m*'thod  of  formation  of  theae  wuhstances  (whidi 
would  W  quite  true),  bnt  also  to  expresK  that  internal  distdbntirm  of  the  eleraenta  by 
which  they  propOhod  Uj  explain  all  the  i>ropertieM  f»f  these  anhfttancea.  They  ftuppoaed 
copi^wr  iiulphate  to  contain  two  moat  intimate  component  part^ — copper  oxide  and 
anlphuric  anhydride.  This  i«anh3q>otheHirt,  It  arnne  from  the  Ho.called  ^/cr/ro-rAr/wiWif 
litjpoihe»iJf,  whirh  supposed  the  two  component  parts  to  be  held  in  mutual  union, 
l*ecause  one  component  (the  anhydride  of  the  acid)  has  elect ro-nej^ative  prf>perties»  and 
the  other  (the  ha^e  in  aaltal  electro- positive.  Both  pnrtft  arfMillratrted  together,  like 
md»Htaut-es  ha\nn]J  opposite  electrical  charges.  But  af*  the  decomiM>sition  of  Halts  in  »i 
utiite  <vf  fuiiion  by  an  electric  current  alwavH^ivoH  a  metal,  tlserefare  tlm  representation 
of  the  ronslitutiou  iind  decomposition  of  nidtti,  called  the  hijflrfttjtH  thfojy  of  a^ids,  i*i 
more  probidde  than  that  coni*idering  Aaltn  aj*  made  np  of  a  base  and  an  anhydride  of 
at)  acid^  But  the  hydrogen  theory  of  ar-ids  is  alr*o  a  binary  hyijothehife,  and  do^a  not 
eren  contradict  the  electrochemical  hypothesis,  but  i*^  ratlnr  a  nn^dification  of  it. 
The  hiitury  thef»ry  dates  from  Rouelle  and  Lavoisier,  the  electro- chemical  representation 
wrtH  developed  with  ^n^at  power  by  Berzelius,  and  the  hydrogen  theory  of  acid*  ia  «iue 
to  Davy  and  Liclnj?. 

TheRo  h^-potheticid  repre-w+ntations  ahn]ilified  and  ^enerali'iei!  the  situdy  of  a  com- 
[dicated  iinhject,  and  gave  Knpi)ort  to  argninenta,  but  when  mli'^  were  in  question  it 
will*  equally  convenient  to  follow  one  or  the  other  of  thene  hypotheses.  But  theae 
theftrien  were  brought  to  l>ear  on  all  other  substanceH,  on  all  com  pound  ttubstancea. 
Tluis»e  holding  the  binary  and  electro-chemical  hypotheeeH  searched  fnr  two  anti-[iolAr 
component  lutrts,  and  endeavoured  to  expresH  th**  |iroces»  of  chefnical  reactions  by  electrt*- 
chemical  and  aimilar  differences.    If  a^inc  replaces  hydrogen,  they  *  om  hnled  that  it  la 
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aujouiitr  because,  as  forming  ttie  last  stage  of  chemic/d  reiiction,  they 
are  capHble  of  only  a  ft'W  chemicai  transformations,  the  energy  of  the 
elements  being  evolved  (passing  into  heat)  both  in  the  fnnDatiuii  of 
oxides  and  in  their  mutual  combinations  ;  hence  in  salts  there  re- 
inains  but  little  energy.  Organisms  are  kxlie,H  in  which  a  series  of 
uninterrupted,  varied,  and  active  eheraical  transformations  proceed, 
whilst  salts,  which  only  enter  into  double  decouifiositions  between 
eiich  otheFi  are  incapable  of  such  changes.  But  organisms  always 
contain  salts.  Thus^  for  instance,  bones  contain  calciuiu  phosphate, 
the  juice  of  grapes,  potassium  tartrate  (cream  of  tartar),  certain 
lichens,  calcium  oxalate,  and  the  shells  of  mollusca^  calcium  car* 
licmate,  Jtc.  As  regards  water  and  soil,  portions  of  the  earth  in 
which  the  chemical  processes  are  le^s  active,  they  are  full  of  salts. 
Thus  the  waters  of  the  oceans,  and  all  others  (Chap.  I,),  abound  in 
salts,  and  in  the  soil,  in  the  rocks  of  the  earth's  crust,  in  the  up- 
heaved lava.s,  and  in  the  falling  meteorites  the  salts  of  silicic  acid,  and 

more  electro-powtive  thaii  hydrogen,  wliilst  they  forgot  thiit  hydrogen  mny,  mtd«r  different 
circnmstttijc«e^i  difipUc©  zinc — for  iiietonee,  at  a  red  heat.  Chlorine  lUtd  oxjjfen  were  eon- 
ttidered  vm  being  of  opj»osite  ixilarity  to  hydrogen  beeauKe  they  e*«ily  CKJinhii»e  with  it,  whibt 
one  and  the  other  are  caiuiljle  of  replacing  hydrogen^  and,  what  in  very  cbariu'teriHtic,  in 
th«  replacement  of  hydrogen  by  chlorine  in  carbon  compounds,  nut  only  does  the 
chemical  charac^ter  often  renuiin  unaltered,  but  even  the  extemal  fann  remainii  tin- 
changed,  an  Laurent  and  Duiuat^  demon  titrated.  Thette  coDgidemtionH  tsndermine  the 
binary  tbeorVt  and  esq^teeiallv  the  electro-chemical  system.  An  explanation  of  known 
reactions  then  began  to  be  ^nglit  for  not  iu  the  differt^nc*;  of  the  polarity  of  the 
different  8ab«tauce>i,  but  in  the  joint  inflnence*  of  all  the  element^^  on  the  propt^tiea  of 
the  compomtd  formed.     Thit*  i*  the  reversse  of  the  preceding  hy{>othe»eB. 

ThiH  reveraal  was  not,  however,  limited  to  the  dei^truction  of  the  tottering  foundii» 
tion«  uf  the  preceding  tlieory ;  it  projected  a  new  doctrine,  and  laid  the  foundntion  for 
Uw  whole  contemporary  direction  of  our  science.  Thi«  dcjctrine  may  In?  termed  the 
aDitary  theory — that  i»t  it  is  such  aa  Ktrittly  acknQtrledgoi»  the  joint  intluenceii  of  the  ele- 
menta  in  a  compound  aubstanee,  denien  the  existence  of  separate  and  contrary'  componenla 
in  them,  regard©  copper  sulphate,  for  instance,  an  a  strictly  definite  compound  of  copier, 
«ulphur,  and  oxygen  ;  then  seeks  for  compounds  which  are  analogous  in  tlieir  properties, 
&nd«  placing  them  iside  by  iside,  endeavours  to  express  the  ilifiueuce  of  eadi  element  on 
the  united  properties  of  it«»  compounds  In  the  majority  of  caaea  it  arrirefi  at  systems  of 
con 01  deration  similar  to  thoae  which  are  obtuinfd  by  the  above-mentioned  hypotheweN 
but  in  certain  upectal  caae*  the  couclusiouK  of  the  unitary  tlieory  are  iu  entire  opixjaitiou 
lO  the  buiary  theory  and  its  consequences.  Cases  of  this  kind  are  mosi  dtteu  met  with 
itk  the  cnnsideration  of  comptound-s  of  a  more  comidex  nature  thaji  saJtflf  especially 
organic  coQit)ounda  containing  hydrogen.  Btit  it  is  not  in  this  revolution  from  aii 
artificial  U*  a  natural  svfitem,  important  tL-*  it  is,  tliAt  the  chief  aorrice  and  strengtli  of 
the  unitary  doctrine  lies.  By  a  simple  review  of  the  vast  store  of  data  regarding  the 
reactions  of  ty|iieal  auhstancej>.  it  socceeiled  from  its  first  appearance  in  establishing  a 
new  and  important  law,  it  introduced  a  new  conception  into  science — namely,  the 
conception  of  molecules,  with  which  we  shall  soon  become  acquainted.  Tlie  deduction 
p  4lf  lllv  lnw  and  of  the  conception  of  molecules  has  been  verified  by  facts  in  a  number  of 
I  was  the  cao*ie  of  the  majority  of  chem^i§ts  of  oat  times  deserting  the  binary 
rund  accepting  tlie  unitary  theor}f  which  forms  the  baai^  of  tli«*  present  work. 
Latii^nt  and  Gerhardt  must  be  looked  on  &a  the  propagafcora  of  this  doctrine. 
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especially  its  double  salt  of  potassium  and  aluminium,  predominate. 
Saline  substances  also  make  up  the  composition  of  those  limestones 
which  often  form  mountain  chains  and  whole  thicknesses  of  the  earth's 
strata,  these  consisting  of  calcium  carbonate,  CaCOa. 

Thus  we  have  seen  oxygen  in  a  free  state  and  in  various  compounds 
of  different  degrees  of  stability,  from  the  unstable  salts,  like  Berthollet's 
salt  and  nitre,  to  the  most  stable  silicon  compounds,  such  as  exist  in 
granite.  We  saw  an  entirely  similar  gradation  of  stability  in  the  com- 
pounds of  water  and  of  hydrogen.  In  all  its  aspects  oxygen,  as  an 
element,  as  a  substance,  remains  the  same  in  itself  in  the  most  varied 
chemical  states,  just  as  a  substance  may  appear  in  different  physical 
(aggregate)  states.  But  our  notion  of  the  immense  variety  of  the 
chemical  states  in  which  oxygen  can  occur  would  not  be  completely 
understood  if  we  did  not  make  ourselves  acquainted  with  it  in  the 
form  in  which  it  occurs  in  ozone  and  peroxide  of  hydrogen.  In  these 
it  is  most  active,  its  energy  seems  to  have  increased.  Then  the  fresh 
aspects  of  chemical  correlations,  and  the  variety  of  the  forms  in  which 
matter  can  appear,  stand  out  clearly.  We  will  therefore  consider  these 
two  substances  somewhat  in  detail. 
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CHAraER  IV 

OZONE   AND   HYDROGEN   PEROXIDE.      DALTON'S   LAW 

Van-Marum,  during  the  last  century,  observed  that  oxygen  in  a  glass 
tube,  when  subjected  to  the  action  of  a  series  of  electric  sparks,  acquired 
a  peculiar  smell  and  the  property  of  combining  with  mercury  at  the 
ordinary  temperature.  This  was  afterwards  confirmed  by  a  number  of 
&esh  experiments.  Even  in .  the  simple  revolution  of  an  electrical 
machine,  when  electricity  diffuses  into  the  air  or  passes  through  it,  the 
peculiar  and  characteristic  smell  proper  to  ozone,  proceeding  from 
the  action  of  the  electricity  on  the  oxygen  of  the  atmosphere,  is 
recognised.  In  1840  Prof.  Schonbein,  of  Basle,  turned  his  attention 
to  this  odoriferous  substance,  and  showed  that  it  is  also  formed, 
with  the  oxygen  evolved  at  the  positive  pole,  in  the  decomposition  of 
water  by  the  action  of  a  galvanic  current ;  in  the  oxidation  of  phos- 
phorus in  damp  air,  and  also  in  the  oxidation  of  a  number  of 
substances,  in  consequence  of  which  it  is  found  in  the  atmosphere, 
although  it  is  distinguished  for  its  instability  and  capacity  for  oxidis- 
ing other  substances.  The  characteristic  smell  of  this  substance  (which 
is  always  mixed  with  unaltered  oxygen)  gave  it  its  name,  from  the  Greek 
o^w,  *  to  emit  an  odour.'  Schonbein  pointed  out  the  characteristic  pro- 
perties of  ozone,  and  especially  its  power  of  oxidising  many  substances, 
even  silver,  acting  like  oxygen,  but  with  this  difference — that  there  are 
a  number  of  substances  on  which  oxygen  does  not  act  at  the  ordinary 
temperature,  whilst  ozone  does  so  very  energetically.  It  will  be 
enough  to  point  out,  for  instance,  that  it  oxidises  silver,  mercury, 
charcoal,  and  iron  with  great  energy  at  the  ordinary  temperature.  It 
might  be  thought  that  ozone  was  some  new  substance,  simple  or  com- 
pound, as  it  was  at  first  supposed  to  be;  but  careful  observations 
made  in  this  direction  have  long  led  to  the  conclusion  that  ozone  is 
noth  ing  tut  oxygen  altered  in  its  properties.  This  is  most  strikingly 
proved  by  the  complete  transformation  of  oxygen  containing  ozone  into 
ordinary  oxygen  when  it  is  passed  through  a  tube  heated  to  250°. 
Further,  at  a  low  temperature  pure  oxygen  gives  ozone  when  electric 
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Kjmrks  are  passed  through  it  {3Iangnae  and  De  la  Rive).     Hence  it^ 
proved,  by  a  method  for  its  f»reparation  from  oxygen  and  by  a  method  of 
its  transformation  into  oxygf^i  (synthesis  and  analysis),  that  ozone  is  that 
same  oxygen  with  which  we  are  ah-a^idy  acquainted,  only  endowetl  with 
particular  properties  and  in  a  jxarticular  state.     However,  by  wliatever 
method  it  be  obtaineil,  the  amount  of  it  contained  in  the  oxygen  is 
inconsiderable,  generally  only  a   few  fractions  of  a  per  cent.,  rarely 
2  per  cent.,  and  only  under  very  propitious  circurn.-^tances  as  much  as 
20  per  cent.     The  reason  of  thi?  must  he  looked  for  first  in  the  fact 
that  azQiie  in  its  Jonna&imi  Jrom  o:tf/ffeti  abmrb»  heat.     If  any  substance 
be  burnt  in  a  caloriaieter  at  the  expense  of  ozonised  oxygen,  then  more 
heat  h  evolvetl  than  when  it  is  burnt  in  ordinary  oxygen,  and  Bertbelot 
showed  that  this  diflerence  is  very  large — namely^  29<300  heat   units 
correspond  with  every   fortynj'i^^dit  parts  by  weight  of   ozone.      This  i 
aignilie.s  that  the  transformation    of  forty -eight  parts  of  oxygen  into  < 
ozone  is  accompanied  by  the  absorption  of  this  quantity  of  heat,  and 
that  the  i^everse  process  evolves  this  quantity  <:»f  heat.     Therefore  the 
passage  of  ozone  into  oxygen  should  take  place  easily  (as  an  exother- 
mal reaction),  like  combustion  ;  and  this  is  proved  l»y  the  fact  that  ati 
:250="  ozone  entirely  rlisappeiirs,  forming  oxygen.     Any  rise  of  tempera- 
ture  may  thus  bring  ab<»ut  the  breaking  up  of  ozone,  and  its  a  rise  of  I 
temperature    takes  place   in    the   action    of   an   electrical    discharge, 
therefore  there  are  in  an  electric  discharge  the  conditions  both  for  the 
preparation  of  ozone  and  for  its  destruction.     Hence  it  is  clear  that] 
the    tninsformation    of    oxygen    into    ozone,    as  a    reversible  r*^(tction^ 
has  a   limit   wlu-n  a  state  of  equililjrium  is  arrived   at   between  the 
products  of  the  two  opposite  reactions,    that  the  phenomena  of  this  , 
transformation  accord  with  tlie  phenomena  of  f/issocifttion^  and  that  a  ^ 
fall  of  temperature   should  aid  the  form frt ion   of  a  largt^  quantity  of 
ozoneJ     Further,  it  is  evident,  from  what  has  been  saitJ»  that  the  best  J 
way  of  preparing  ozone  is  not  by   electric  sparks,'    which  raise  the  - 

'  Tlib  conelufiiorif  tU^ducwl  by  uw  iis  far  back  iim  1h7h  {Moniteur  Scu^ntijiffnc)  by  ' 
conceiviiijf  thtj  mole>culeH  of  OKcttie  (a**?  lrtt<jr)  as  more  complex  than  thoso  of  oxygpn,  u.iid 
nxoiie  ««  contiiininf?  n  gr«w^t«r  tjiiantity  of  heat  thup  oxyj^en,  has  buen  proved  experi- 
iiie^ntally  by  the  re*earch*»»  of  Mailftrt  (lHHO>,  nhwh  ^howt-J  tbiit  the  jtafisuge  of  a  silent 
flischnr^e  tlirnnfjh  a  litre  of  oxyg*"!!  at  a  may  fomi  np  t<j  li  milligrauiH  of  ozone,  aud  Hkt 
-mi  up  to  CiO  miUigrarnfi;  but  bfftt  of  all  in  the  detfrmiiintion'*  of  Chappui«  and  Haute« 
feiiille  flHHi)),  who  found  tlifitat  a  temperRtUre  of  —'I^^  a  t.iltrit diHchargf^ converted  :3a p.c, 
of  oxyi^en  bito  ozouc,  whikt  at  *i(9  it  wa»  imixuiaible  toobtHin  more  than  1^  p.c,  and  at  1()0^  j 
[iiB6  ihim  3  p.c.  of  o7.one  wan  obtained. 

'  A  Bcrips  of  electric  Kparkn  may  l>e  obtaitic'd  either  by  an  ordinary  electrical  nuu^hiue,  j 
the  electrophorous  niathinen  of  ?Iolt«  and  Teplofft  tVc.»  Ijt'ydeti  jars,  Raluukorff  coils^  or  i 
ftimilar  oieana,  when  the  op|>oHite  electrleitieti  ai-e  able  to  uceuiuulate  at  the  terminiila 
of  eoudiictore,  and  a  discharge  of  ftUJBiLitint  electrical  intensity  passes  throogh  th«*  non^  J 
ooriductorfi  air  or  oxygen. 
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temperature,  but  by  the  employiiieiit  of  a  contmual  discliarge  or 
flow  of  electricity— tbut  is,  Ui  tmnsform  t!»e  oxygen  by  the  action 
of  a  jnl^nt  dUchariff,'^  For  this  renson  all  ozonisi^rs  (wliich  are  of 
iBOBt  varied  coustiiietion),  or  fonns  of  apparatus  fcjr  tlie  preparation  of 
ozone  from  oxygen  (or  air)  hy  the  action  of  electricity,  uuw  usually 
consist  of  conductors  (sheetsof  metal — for  instance^  tinfoil — or  a  solution 
of  sulphuric  acifl  with  chromic  acid^  tire.)  sepaiat^d  by  thin  glass 
surfaces  placed  at  short  distances  from  eath  other,  anrl  between  which 


'  r  {irefjarluif  otoiu'  liv 


iiH  of  w  silr-nt  ilischartie. 


the  oxygen  or  air  to  be  ozonised   is  introduced  and  subjected   to  the 
action  of  a  silent  fHschargeJ     Thus  in  Siemens*  apparatus  (tig,  37)  the 


I*  A  aiieiit  tlittihur^e  i»  hiicli  a  cuiiUMUiAtiuu  of  op|*ofeitt!  titiilkul  i|>ot^utinJ)  tjlei  tricitien 
ftkcB  pUce  ( jjieJuiTiiUy  between  Iiirij^e  ^iirfiu'es)  rejfularly,  without  »»|iiu'k)$,  t^lawly,  iiudi 
tjliieUy  (HH  in  th<*  di«per«iou  of  «?lei-tritnty).  Tlie  disehnrge  i.**  only  luminuUM  iu  tlie  dark ; 
tbtjre  is  no  obKervtible  rt**  of  ternjitiruLtDei  iiutl  therefore  u  larger  uniount  of  ozoti^  '\f> 
formed^  But,  nuvprthelesi*,  on  coijtimiUtg  Ili«  jmHiiiige  of  u  Hiknt  discluirp*  tlimuj^U 
oson<5  It  U  de*.troye<l.  For  the  *u.'tioii  l-o  be  obtienftble  a  lurge  i^urface  is  iit!C<?h*4ia'y,  iirid 
cousequefttly  u  powerful  i^tviirce  of  electrical  pott-ntitil.  For  tbiH  rfcutMrin  the  siiltjut  dis- 
^yiiiurye  U  bent  produced  by  u  Riihinkorfl  cod,  ns  th»  most  handy  means  of  oblaiuuig  a 
c<uiMidernbli<  ptteatitil  of  Ht«iicul  electricity  with  the  ©mploj^ent  afjAhci  rojuiMirntively 
f««ble  t'liirent  of  a  gAlviuiic  battery. 

♦  V.Bubti'a  apparatus  witsj  one  of  thefirtitoonBtructed  for  ozonisi»ig oxygiri  by  iiieuns 
of  «  Bileiit  diichiirKe  (and  it  U  Hiili  one  of  the  be»tl.  It  is  eampOKed  ot  h uniiil»er  (twenty 
lUid  more)  of  lo«^,  tUin  ciipilhiry  kI»«^«*  tubes  cduwed  at  one  end.  A  platintiiu  \vtre»  ex- 
teudmg^  *t1on{4  their  whole  length,  ih  itttrt»duced  into  tlie  oUi«r  end  id  euch  tubis  urid  tlii* 
eiid  i»  then  fused  up  round  the  wire,  the  end  of  which  protrndei*  out»iid**  the  tubt*. 
The  protrudjnf^  end»  of  the  vrire*  are  umtnged  Alteruntcily  in  two  sides  in  Huch  a  manner 
thut  on  one  wide  there  are  ten  closed  ends  and  t^^n  wireH,  A  bunch  «f  rucIi  tabes  (forty 
lihcinld  make  a  bunch  of  not  more  than  1  vau,  diameter)  is  p]j*eed  in  a  f7hiHi>  ttibe^  and 
the  ends  of  the  wtreA  are  oonnected  int*j  two  eoiidut  U^Jis,  and  are  fused  to  the  ends  of  the 
itnrroundin^  tube.  The  dis^ebar^fe  of  a  Rtdimkorff  coil  ih  pii^HHefl  throuj^rb  the«e  eiidt^  of 
tlie  wires  AJitl  the  drj'  uir  or  oxygen  to  he  ozoniBed  is  p*«««d  through  thii  tube.  If 
oxygi^n  be  parsed  through,  oiotie  ia  obtained  in  l«rge  quautltieflt  <uid  fre«  from  oxideM  of 


200 


PRINCIPLES  OF  CHEMISTRY 


exterior  of  the  tube  a  and  the  interior  of  the  tube  b  c  are  coated  with 
tinfoil  and  connected  with  the  poles  of  a  source  of  electricity  (with  the 
terminals  of  a  Ruhmkorff's  coil).  A  silent  discharge  passes  through  the 
thin  walls  of  the  glass  cylinders  ft  and  h  c  over  all  their  surfaces,  and 
coiisseijueiitly,  if  oxygen  be  passed  through  the  apjxiratus  by  the  tul>e  t/, 
fuised  into  the  side  of  «,  it  will  be  ozonised  in  the  annular  space  between 
a  and  6  c.  The  ozordsed  oxygen  escapes  by  the  tub©  e^  and  may  be 
intjt)duced  into  any  other  apparatus.*^ 

The  projjf'rlieis  of  ozone  obtained  by  such  a  method''  distinguish  it 
in  many  respects  from  oxygen.  Ozone  very  I'apidly  decolorises  indigo, 
litmus,  and  many  other  dyes  by  oxidising  them.  Silver  is  oxidised  by 
it  at  the  ordinary  temperature,  whilst  oxygen  is  not  able  to  oxidise 
silver  e\en  at  high  t^amperatures  ;   a  bright  silver  plate  rapidly  turns 


nitrogen,  whit'li  are  purtiiilly  fonnctJ  whon  air  in  ivct-^d  oiu  It  is  remarked  lliut  iit  low 
tetuiM^rutures  ozniae  in  forined  in  large  (jnantitieH.  Ah  ozDiie  is  jvcteel  on  by  trorke  utid 
iiidia  rubber,  the  appiiratUH Hlinuld  Iw  iiimie  imtirely  of  glass.  With  h powerful  Ruhmkoril 
coil  and  forty  tubes  tlie  oioiiation  i»  so  poweHa,!  tliut  th«  gas,  Trvheii  pustied  throygb  a» 
Bolutiou  of  iodide  of  potftSHmm,  not  only  »et8  tlie  it^dhw  fret*,  but  even  oxidJse»  it  into 
potasiiiam  iadate,  eo  tbat  lu  five  miuitteH  tbe  ga^-eunduetiug  tube  \»  dlioked  up  with 
crystals  of  the  insoluble  iodate. 

*  In  order  to  connect  the  ozoniser  with  any  other  appumtus  it  Im  imposHiblti  to  maJce 
use  of  iudia-rubl>er,  mercury,  or  eenients,  itc,  lM*(jftU8«i  they  iu*e  themselves  acted  on  by» 
and  act  on,  ozone.  All  connections  uiuet^  ilb  was  lirst  propoKed  by  Brodie,  be  henneticiilly 
ehjtted  by  ^iulpbunc  acid,  which  it*  not  acted  on  by  ozone.  TIiuh,  a  cork  iw  jjaHHed  over 
the  vertical  end  of  a  tobe»  over  which  a  wide  tube  pasHen  ho  that  the  end  of  the  first  tube 
protrudes  uliove  tlit?  eork ;  merijury  ia  first  jwured  over  the  cork  {to  prevent  its  beiog 
iicteil  on  by  the  Kul[>liurie  acid)^  and  then  sulphuric  at:id  is  poured  over  the  mercury. 
The  ixrotmdinK  end  of  the  tirat  tube  is  covered  by  the  lower  end  of  ti  third  tube  innnersed 
in  the  tiulphuric  acid. 

*  The  above-desieribed  method  ih  the  only  ont*  which  haa  been  well  investigated.  Tbe 
cidniixturc-  of  nitrogen^  or  even  of  hydrogen,  and  e»j[»eci^lJly  of  silicon  flunride,  »ppeara  to 
iiid  the  formation  and  preftervation  of  osoue.  Amongst  other  methodh  for  preparing 
oziiue  we  may  mention  the  following : — 1.  In  the  action  of  oxygen  o»  phosphunn*  at  tha 
ordinary  teni[>erature  u  jiortion  of  tfiu  oxygen  is  converted  iutti  ozone.  At  th©  ordinary 
temperature  a  uttck  of  ph(>HphoruBt  partially  imiiier»ed  in  water  tmd  partially  in  air  iu  ik 
large  glau^  vessel,  causes  tbe  air  to  actjuire  the  odour  of  ozone.  It  uin^t  further  ha 
remarked  that  if  the  air  be  left  for  long  in  contact  witli  the  phohphurus,  or  without  the 
presence  nt  water,  the  ozone  formed  in,  dofetroyed  by  the  phosphorus.  *2.  By  the  action 
of  sulphuric  acid  on  peroxide  of  barium.  If  the  latter  be  covered  with  strong  sutplturie 
ftcid  (the  acid,  if  dihited  with  only  one-tenth  of  water^  does  not  give  ozone),  then  at  a  low 
temperature  the  oxygen  evolved  contains  ozone,  and  in  much  greater  quautitfcs  thiui 
that  ill  which  tjxoue  is  obtained  b}'  the  action  of  electric  sparks  or  [iTiosphortiH.  iJ.  Qifooe 
may  iilso  he  obt^tiued  by  decom{>osing  strong  sulphuric  acid  by  potassium  manganate, 
eiipectally  with  the  addition  of  hariuiu  iJcroxide.  Gorop-Besanez  stated  (but  it  requtrea 
ccmflrniAtion)  iht*t  oiiuiie  is  formed  in  the  slow  evapuratii>n  of  large  quantitiea  of  water. 
In  the  ne4tr  proximity  of  saiUgardt-UH  (salterns)  the  atmii!*phere  is  coti»*iderably  richer  in 
oxone  than  in  Hie  surrounding  neighlKUirhood.  In  connection  with  tins  is  the  fact  that 
the  air  of  the  sea-Hhore  is  rich  in  ozont^.  Ozone  is  also  stated  to  be  formed  in  the 
ordinary  process  of  the  respiration  of  plants.  This  is,  however,  denied  by  miuiy  to  be 
the  case. 
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black  (from  oxidation)  in  ozonised  oxygen.  It  is  rapidly  absorl^ed  by 
mercury,  forming  oxide  ;  it  transforms  the  lower  oxides  into  higher — for 
insitance,  sulphurous  anliydnde  into  sulphuric,  nitrous  oxide  into 
nitric,  arsenious  anhydride  (As._i03)  into  arsenic  anhydride  (As^Oj)  ttc.  ^ 
Eut  what  is  especially  characteristic  in  ozone  is  the  decomposing  action 
it  exerts  on  fiotassium  iodide.  Oxygen  does  not  act  on  it,  but  O2one 
passed  into  a  solution  of  pot^issium  iodide  Hberate^t  imlinej  whilst  the 
potassium  is  obtained  as  caustic  potash,  which  i*emains  id  soIutioii» 
2KI  +  HX)-f  0^2KHO  +  l.j.  As  the  presence  of  minute  tracer  of 
free  iodine  may  be  discovei'^d  by  means  of  starch  paste^  with  which  it 
forms  a  very  dark  blue  coloured  substa^nce,  a  njLxture  of  potassium 
iodide  with  starch  piste  will  detect  the  presence  of  very  small  traces  of 
ozone.*  Ozune  is  destroyed  or  converted  into  ordinary  oxygen  not 
only  by  heat,  but  also  by  long  keeping,  especially  iji  the  presence  of 
alkalis,  peroxide  of  inanganeBe>  chlorine,  itc. 

Hence  ozontf  although  it  has  the  same  comjjomiion  tw  oxygtn^  differs 

'  Ozntie  takes  uii  the  hydrogen  from  hydrtxhloric  acid  ;  the  chlorine  is  net  free,  aiad 
cjui  diitftolve  gold-  Chrouviiun  and  iodine  are  din?ctly  oxidi  sed  by  oeou*?,  hut  not  by  oxygeti, 
juid  do  ttlao  with  a  uuiuh«r  of  other  Bobstaiiees.  Aimuouiu.,  NH5,  ts  oxidihed  by  ozone  into 
lunmntiinm  nitrite  (nnd  nitrate),  2NH3  +  0:i  =  NH^NO^  4- HaO,  and  tbtrefore  a  dt-op  of 
ianmonio,  on  fidlLiig  into  the  gas,  gives  a  thick  t*Inud  of  the  H«kltu  formed.  Ozone  ronverta 
leftd  oxide  into  perojtide,  and  ^^uboxide  of  thallium  (which  is  colon rlesti)  into  oxide  ^ which 
is  brown),  bo  thivt  thia  reliction  ia  made  u;^  of  for  diHcoveriug  the  pre»entie  of  OEone. 
Lead  sulphide,  PbS,  is  eonvorted  into  snlphAtf,  PbBOi,  by  ozone.  A  netitraJ  eolation  of 
miuigiuiei^  sulpluite  gi^e&  11  precipitate  of  manganese  peroxide,  mn\  an  ucid  i^lution  may 
bis  oxidised  into  permauga.niti  acid,  HMuD^^  With  respect  to  the  oxidiMing  utition  of  ozone 
ou  organic  sub^tanceri,  it  may  be  mentioned  that  with  ether,  C4H10O,  ozone  gives  eUiyl 
peroxide,  which  is  ctqmble  of  decoiui>oi»ing  with  explotiion  (acconling  to  6erthdat),and  U 
decomjxi4»ed  by  watt*r  into  alcobcd,  tJC'^HtiO,  and  hydrogen  pcsroxide,  H.^0.^> 

•-This  reaction  i^  the  one  ui^ually  made  use  of  for  detecting  the  preisMjnce  of  ozoin^* 
In  the  luAJority  of  cujics  paper  m  »04ikc<l  in  ei»oltitiions  of  potaHHiuni  iodide  and  etarch» 
Such  ozonowieirica/  or  imlihed  Ht4*rch'ptt[jer  when  damp  tnroi*  hlut3  in  the  presence  of  o2oi)e, 
luid  the  tint  obtained  rarie^ri  cont^iderably,  according  to  the  length  of  time  it  is  expo«ed  and 
to  the  amount  of  ozone  pref»ent.  The  amount  of  ozone  in  a  given  gaii  uiay  oven  to  » 
certain  degree  be  judged  by  the  cih&de  of  colour  acquired  by  the  paijer,  if  preliminary 
befttM  be  made. 

T««t-paper  for  ozone  is  prepared  in  th«  following  manner : — One  gram  of  neutral 
potasiiiain  iodide  ia  dissolved  in  100  gnuns  of  distilled  wuter;  10  grams  of  Mtarcli  are 
Iben  dm  ken  up  iu  the  bolntion,  and  the  mixture  i«i  boiled  until  the  starch  is  converted 
into  a  jelly.  This  jelly  is  then  am^eared  over  blotting- pajjer  and  left  to  dry.  The  colour 
of  iod}«ed  starch-puper  it*  changed  not  only  by  the  action  of  ozone,  but  of  many  other 
oxidiflerv;  for  exiuuple,  by  the  oxides  of  nitrogen  and  hydrogen  fieroxide.  Hou£eau  pro- 
posed BOaking  common  titmuH-papor  with  a  solution  of  pota^^Miuin  iodide,  which  in  tlnj 
pretence  of  iodine  would  turn  blue,  owing  to  the  formation  of  KHO.  In  order  to  find  if 
Ihe  blue  oolonr  is  nut  produced  by  an  alkali  (ammonia)  in  tlui  giiH,  u  ixirtion  of  the  [>aper 
U  not  soaked  in  the  potat^^ium  iodide,  but  moii^tened  with  water;  thiH  portion  will  tlien 
aIatj  turn  blue  if  iiiianonia  be  pretieiit.  A  reagent  for  dit^linguishing  ozonei  from  hydiogeu 
peroxide  with  certamty  ib  not  known,  and  therefore  thene  nuhtf Lancets  in  very  gmall  qiian- 
tilieB  (for  instam^,  in  tlie  atmosphere)  may  easily  he  eonfuunded. 
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froiji  it  in  stability,  and  by  the  fact  that  it  oxidises  a  number  of  sub- 
stances very  energetically  at  the  ordinary  temperature.  In  this 
respeot  f)Zone  resembles  the  oxygen  of  certain  unstable  compounds,  or 
oxygen  at  the  moment  of  its  bberation. 

In  ordinary  oxygen  and  ozone  we  see  an  example  of  one  and  the 
same  substance,  in  this  case  an  element,  appearing  in  two  states.  This 
indicates  tliat  the  proj^erties  of  a  substance^  and  even  of  an  element, 
may  vary  without  its  composition  va^yin^^  Very  many  such  cases 
are  known.  8ucb  cases  of  a  chemical  transformation  which  determines 
a  difference  in  the  properties  of  one  and  the  same  element  are  termed 
isotnerism.  The  cause  of  isomerism  evidently  lies  deep  within  the 
essence  uf  the  nature  of  a  substance,  and  its  investigation  has  ali^ady 
led  to  a  number  of  results  of  unexpected  importance  and  of  immense 
scientific  significance.  It  is  easy  to  understand  the  difference  Ijetween 
substances  containing  different  elements  or  the  same  element«  in 
different  prf>portions.  That  a  difference  should  exist  in  the  latter 
case  necessarily  follows^  if^  as  our  knowledge  compels  us^  we  admit 
that  there  is  a  radical  difference  in  the  simple  bodies  or  elements. 
But  when  the  quality  and  tjuantity  of  the  elements  (the  composition) 
in  a  substance  are  the  same  and  yet  its  properties  are  different, 
then  it  l>ecomes  clear  that  the  conceptions  of  the  elements  and  of  the 
composition  of  c<iiupoijtnd?5,  alone,  are  insufficient  for  the  expression  of 
all  the  diversity  uf  the  properties  of  the  matter  of  nature.  Something 
else,  still  more  profound  and  internal  than  the  composition  of  sub- 
stances, must,  judging  from  isomerism,  detfrnnne  the  properties  tind 
transformation  of  substances. 

On  what  is  the  isomerism  nf  ozone  with  oxygen,  and  the  peculiarities 
of  ozone,  dependent  1  In  what,  besides  the  store  of  energy,  which  in  its 
way  expresses  the  peculiarities  of  ozone,  j-esides  the^Nmses  of  its  difference 
frt»m  oxygen  ?  These  <iuestions  for  long  occupied  tlie  minds  of  investi- 
gators, and  were  the  motive  for  the  most  \'iiried^  exact,  and  accurate 
researches,  which  were  cliierty  direi  ted  to  tlic  study  of  the  volumetric 
Relations  exhibited  by  ozone.  In  order  to  acquaint  the  reader  with  the 
previous  researches  of  this  kind,  1  cite  the  f<illowing  fnmi  a  memoir  by 
Soretjin  the  *  Transact  ions  of  the  French  Acadenn'  uf  Hciences  '  for  1H66; 

*  Our  present  knowledge  of  the  volumetric  relations  of  o^one  may  be 
expressed  at  the  present  time  in  the  following  manner  : 

'1.  **  Ordinary  oxygen  in  changing  into  ozone  under  the  action  of 
electricity  shows  a  dinnnution  in  volume/*  This  was  discovered  by 
Andrews  and  Tait. 

*  2.  '*  In  acting  on  ozonised  oxygen  with  potassium  iodide  and  other 
substances  capable  of  being  oxJdised,   we  destroy  tlie  ozone,  but  the 


OZOXE  AND  HYDROGEN  PEROXIDE— DALTOX^  LAW       308 

Tolnme  of  the  gas  remains  unchanged."  Indeed,  the  reseairbes  o£ 
Andrews,  Soret,  v.  Babo,  and  others  showed  that  the  quantity  of  oxygen 
absorbed  by  the  potassium  iodide  is  equal  to  the  original  contraction  ol 
the  volume  of  the  oxygen — that  is,  in  the  absorption  of  the  oione  the 
volume  of  the  gas  remains  unchanged.  From  this  it  might  be  imagined 
that  ozone,  so  to  say,  does  not  occupy  any  room — is  indefinitely 
dense. 

*  3.  "  By  the  action  of  heat  ozonised  oxygen  increases  in  volume, 
and  is  ti-ausformed  into  ordinary  oxygen.  This  increase  in  volume 
corresponds  with  the  quantity '  of  oxygen  which  is  given  up  to  the 
potassium  iodide  in  its  decomposition  "  (the  same  observers). 

'  4.  These  indubitable  experimental  results  lead  to  the  conclusion 
that  ozone  is  denser  than  oxygen,  and  that  ozone  in  its  oxidising 
action»gives  off  that  portion  of  its  substance  which  distinguishes  it  by 
its  density  from  ordinary  oxygen.' 

If  we  imagine  (says  Weltzien)  that  »i  volumes  of  ozone  consist  of  n 
volumes  of  oxygen  combineil  with  m  volumes  of  the  same  sul>stance,  and 
that  ozone  in  oxidising  gives  up  ni  volumes  of  oxygen  and  leaves  n 
volumes  of  oxygen  gas,  then  all  the  above  facts  can  be  explained  ; 
otherwise  it  must  be  supposed  that  ozone  is  iiidetinitely  dense.  *  In 
order  to  determine  the  density  of  ozone  (we  again  cite  Soret)  recourse 
cannot  be  had  to  the  direct  determination  of  the  weight  of  a  given 
volume  of  the  gas,  because  ozone  cannot  be  obtained  in  a  pure  state. 
It  is  always  mixed  with  a  very  large  quantity  of  oxygen.  It  was 
necessary,  therefore,  to  have  recourse  to  such  substances  as  would 
absorb  ozone  without  absorbing  oxygen  and  without  destroying  the 
ozone.  Then  the  density  might  be  deduced  from  the  decrease  of 
volume  produced  in  the  gas  by  the  action  of  this  solvent  in  comparison 
with  the  quantity  of  oxygen  given  up  to  potassium  iodide.  Advantage 
must  also  be  taken  of  the  determination  of  the  increase  oi  volume 
produced  by  the  action  of  heat  on  ozone,  if  the  volume  previously 
occupied  by  the  ozone  before  heating  be  known.'  Soret  found  two  such 
substances,  turpentine  and  oil  of  cinnamon.  *  Ozone  disappears  in  the 
presence  of  turpentine.  This  is  accompanied  by  the  appearance  of  a 
dense  vapour,  which  tills  a  vessel  of  small  capacity  (0*14  litre)  to  such  an 
extent  that  it  is  impenetrable  to  direct  sun-rays.  On  then  leaving  the 
vessel  at  rest,  it  is  observed  that  the  cloud  of  vapour  settles  ;  the 
clearing  is  first  remarked  at  the  upper  portion  of  the  vessel,  and  the 
brilliant  colours  of  the  rainbow  are  seen  on  the  edge  of  cloud  of 
vapour.'  Oil  of  cinnamon — that  is,  the  volatile  or  odoriferous  substance 
of  the  well-known  spice,  cinnamon  -  gives  under  similar  circumstances 
the  same  kind  of  vapours,  but  they  are  much  less  voluminous.     On 
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measaring  the  gaseous  volume  befoi'e  and  aft^jr  the  action  of  both 
volatOe  oils^  a.  considerable  decrease  is  remarked.  On  applying  all  the 
net'essary  L'orrections  (for  the  solubility  of  oxygen  in  the  oily  liquids 
named  alatve,  for  the  t^ension  of  their  va|K>ur,  for  the  eliange  of  pres- 
sure, ttc.)  and  making  a  series  of  comparative  determinations,  8oret 
obtained  the  following  result :  two  volumes  of  ozone  capable  of  being 
dissolved,  when  destroyetl  {by  heating  a  wire  to  a  red  heat  by  a 
galvanic  current)  increase  by  one  volume.  Hence  it  is  evident  that  in 
the  formation  of  ozone  three  volumes  of  oxygen  give  two  volumes  of 
ozone — that  is,  its  density  (referred  to  hydrogen)^ :2 4. 

The  obserA'ations  and  determinations  of  Horet  showed  that  ozone  is 
heavier  than  oxygen,  and  even  than  carbonic  anhydride  (because 
ozonised  oxygen  passes  from  fine  oiifices  more  slowly  than  oxygen 
and  than  its  mixtures  with  carbonic  anhydride),  although  lighter  than 
chlorine  (it  Huws  more  rapidly  from  such  orifices  than  chlorine),  and 
they  also  indicated  that  ozoTie  is  one  and  a  half  timea  denser  timn 
oj'yffenj  which  may  l>e  expressed  by  designating  a  molecule  of  oxygen 
by  O^  and  of  ozone  by  O3  ;  and  which  likens  ozone  to  compound  sub- 
stances ^  formed  by  oxygen,  as,  for  instance,  CO 2,  SO4,  00^,  NO 5,  «fec. 
This  explains  the  chief  differences  between  ozone  and  oxygen,  and  the 
cause  of  the  isomerism,  and  at  the  same  time  leads  one  to  expect  ^^ 
that  ozone,  as  a  gas  which  is  denser  than  oxygen,  would  be  lii[uefied 

'•'  Ozone  is,  so  to  nay,  an  oxide  of  oxygen,  juat  as  wiiter  U  an  oxide  of  hydrogen.  Just 
UH  atjueoUH  vtti>our  is  composed  o(  two  volumes  of  liydroijen  aiid  inw  volume  of  oxygen* 
which  on  combining  eondense  into  two  volamea  of  aqueous  iinpourt  fto  aXm  two  voluraeft 
of  oxygen  art*  combiued  in  ozone  mth  oni*  volume  of  oxygen  lo  give  two  volumes  of  ozone. 
Ill  the  action  of  ozont-un  different  subetatieei>  it  i&  only  that  portion  of  it»  ecmqwsitiou 
l«y  which  it  difft-rs  from  ordinary  oxj'gGu  that  combines  with  the  other  hodieR,  and  there- 
fore, under  these  circutnaliiticeH,  the  volume  of  the^  ozonised  oxygen  does*  oot  change. 
There  were  two  vohimen  of  ozone ;  one-third  of  ita  weight  i»  parted  with,  and  there 
remain  two  volumes  of  oxygen. 

The  above  observations  of  Soret  on  the  pro|>erty  of  turpentine  for  dissolviug  020tie» 
together  with  Schoiibein's  reHeArehe^  on  the  formation  of  oa^tjne  in  the  oxidatioD  of  tur- 
|>entine  and  uf  uimilar  volatile  vegetable  oils  {enteriug  into  the  eom[K>Hition  ot  per/unws)^ 
iiiso  exphiin  the  urtioD  oi  thiH  ethereal  oil  on  a  great  many  HubKtauL'eu.  It  in  known  that 
tuqientine  oil,  when  mixed  with  many  subintances,  promote*  thtir  oxidation.  In  tliia 
ease  it  probably  not  only  itself  prumoti»M  the  formation  of  oxoue,  but  alti<j  diiifiolveu  0£OIib 
from  the  atmoNphere,  and  thuti  acqitireii  the  projierty  of  oxidiaing  many  HubHttiiiees.  It 
bleaclie>i  linen  and  oork,  ilecoloriaea  indigo,  promotes  the  oxidation  and  hardening  of 
Indled  iinnee^d  oil,  tVc.  These  properties  of  turpentine  oil  are  made  uwe  of  in  pnictiee. 
Dirty  linen  and  many  stained  materials  tyre  eaaily  cleaned  by  turpentine,  not  onb*  l>eeauBe 
it  dissolve H  the  grease,  Imt  ako  beeatise  it  oxidiBos.  The  admix tuie  of  turpeutiue  wiUi 
drying  ^boiU?d)  oil,  oil  i^olours,  and  Iacb  dda  their  rapid  drjang  because  it  attriLcts  ozone, 
VariotiB  oilw  occurring  in  plants,  and  entering  into  the  composition  of  jierfiimett  luid 
various  ^cent  extnutu,  also  act  tm  oxidi&er^.  They  act  in  a  similar  manner  to  oi)  of  tur- 
jventitie  and  oil  of  einumnon.  Thin  perhaps  explainti  the  refreshing  influence  they  liAVe 
in  seeritH  and  other  similar  preparjilionw,  and  alt^o  the  f«ihibrity  of  tlie  air  »»f  pine  forests. 
^**  The  den»t*fit,  moit  complex,  and  heaviest  particlen  of  matter  ahouldj  under  «qu«l 
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much  more  easily.  This  was  actuallj  shown  to  be  the  case,  in  1 880,  by 
Chuppnis  and  HaatefeuiUe  in  their  researches  on  the  phyntal  pro^>ini\€s 
o/oxtjfgtin.  its  absolute  boiling  point  is  alx>ut— 106^,  uiid  eonsefjuentlv 
compressed  and  refrigeratetl  ozone  when  rapidly  expanded  gives  drops, 
Is  liquefied.  Liquid  and  compressed  ^^  ozone  is  blue.  In  dissolving  in 
water  ozone  partly  piisses  into  oxygen.  Ozone  violently  explodes  when 
suddenly  compressed  and  heated,  changing  into  ortlinary  oxygen,  and 
evolving,  like  all  explosive  substances,*^  that  heat  which  distinguishes 
it  from  oxygen. 

Thus^  judging  by  what  has  been  said  above,  oxoue  should  be 
fonned  in  nature  not  only  in  tht?  many  processes  of  oxidation  which 
go  on,  but  also  by  the  condensation  of  atmospheric  oxygen.  The 
significance  of  ozone  in  nature  has  often  arrested  the  attention  of 
obse-r\^ers.  Tliere  is  a  series  of  ozono metrical  observations  which  show 
the  different  amounts  of  ozone  in  the  air  at  difierent  localities,  at 
different  times  of  the  year,  and  under  different  circumstances — for 
iiastance»  on  the  appearance  of  epidemics.  But  the  observations  made 
in  this  direction  cannot  be  considered  as  sufficiently  exact,  because  the 
metlKKls  in  use  for  deterntining  ozone  were  not  quite  accurate.  It  is 
however  inflisputable  '^  that  the  amount  of  ozone  in  the  atmosphere  is 
subject  to  variation  ;  that  the  air  of  dwellings  contains  no  ozone  (it  dis- 
appears in  oxidising  organic  matter)  ;  that  the  air  of  fields  and  forests 
always  oonta^ins  ozone,  or  substances  (peroxide  of  hydrogen)  which  act 
like  it ;  thai  the  amount  of  ozone  increases  after  storms  ;  and  that 
miasms,  Jtc,  are  destroyed  by  ozonising  the  atmosphere.  It  may  be 
imagined  that  the  influence  exerted  by  ozone  on  animal  life  is  due  to 
the  fact  that  it  easily  oxidises  organic  substances,  and  miasms  are 
formed  of  organic  substances  and  the  germs  of  organisms,  which  are 
eitsily   changed   and  oxidised.     Indeed,    many    miasms- for  instance. 


litiotis,  «frtdently  be  It^as  cA|Mtble  of  paaiiing  into  »  »tiita  nf  giweoUB  morenieni,  shmild 

r«iUin  a  hquid  Rtate,  luifl  hiive  li  f^ater  coheBiv«  ivree. 
*'  The  blue  colriar  proper  to  ozone  may  be  eeen  throu|^h  a  tub«  one  nititre  lotif^  con- 
taining 03cy^en    10  p.c.  ozonised.     The  ilenaity  of  Hqaid  osone  hiLs  not,  a*  tea  ms  I  iiiii 
AWttre,  been  determined. 

t*  All  ezploBive  bodies  luid  mixturea  fgnn powder,  defconating  gfM»  dnj.)  evolve  hunt  in 
exploding  (in  giving  n  greater  number  of  moleca1e«  from  one  molecnle^  luid  sometttneH 
J  Mver*!  lubfttauceg  from  one  sabstance,  ah  in  the  exploiiioti  of  nitm-cmnpuu  nd^ ;  «Lee  Ijtkir) — 
IthAi  k,  ihe  reactions  whith  aecompAny  exploalonH  are  exothermiil.  In  this  ra^nuur 
[osone  in  deeomposing  evDlv^R  lAtent  heat,  altliough  generaUy  heat  is  absorbed  in 
\  deeompociition.     Tbia  ahowa  the  mi^itning  and  clause  of  exploainn. 

)>  In  PariH  it  h«A  been  found  that  the  further  from  the  centre  of  the  town  the  greater 
I  ADiotint  of  osone  in  the  air*    Tlie  rea»an  of  tlita  ia  endent :  in  a  city  there  are  niAiiv 
lilion§  for  ihe  def<tru<!tion  of  ocone.     Thia  is  why  we  diatingni^h  country'  air  a*i  being 
In  spring  the  air  contains  tn(>re  OBone  than  in  atituuin ;  the  air  of  fietds  more  than 
( the  ftir  of  iownn. 
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the  volatile  substance  iif  cleciiiiipostiii;  oriranisms  —are  clearly  destfoyed 
or  changed  not  only  by  ozone,  but  also  by  many  powerfully  oxidisiiig 
substancea,  such  as  chlorine  with  water,  potassium  per'manganate,  and 
the  like. '^ 

Thu»  in  OKone  we  see  (1)  the  capacity  of  elements  (and  it  must 
l>e  all  the  more  marked  in  conjpounds)  of  changing  in  properties  with- 
out altering  in  composition  ;  this  is  termed  isomerism  ;  *'  (2)  the 
capticity  of  element  for  arranging  thejnselves  in  molecules  of  diHerent 
densities  ;  this  forms  a  special  case  of  isomerism  called  poh/vt^rwm  : 
(3)  the  capacity  of  oxygen  for  appearing  in  a  still  more  intense  and 
energetic  chemical  state  than  that  in  which  it  occurs  in  ordinary 
gaseous  oxygen  ;  and  (4)  the  formation  of  nnstable  ef|uilibria,  or 
chemical  states,  which  are  expressefl  l*oth  liy  the  ease  with  which  ozone 
acts  as  an  oxidiser  and  in  its  cafiaeity  for  decomposing  with  explo- 
sion.^*' 

Hydrogen  peroxide, — -Many  (»f  those  properties  which  we  have  seen 
in  ozone  belong  also  to  a  peculiar  substance  containing  oxygen  and 
hydrogen,  and  called  hydrogen  peroxiile^  or  oxygt-natetl  water  This 
substance  was  discovered  in  1818  by  Thenanb  When  Ireated  it  is 
decomposed  into  water  and  oxygen,  evolving  us  much  rixygen  as  is 
contained  in  the  water  remaining  after  tlie  decomposition.  That 
portion  of  oxygen  by  which  hydrogen  peroxide  differs  from  water  be- 
haves in  a  number  of  cases  just  like  the  active  oxygen  in  ozone,  which 
distinguishes  it  from  ordinary  oxygen.  In  H.jO^,  and  in  O,,  one  atom 
of  oxygen  acts  in  a  powerfuUy  oxidising  manner^  and  on  separating  out 

'*  Tilt?  oxidijiing  action  of  nione  may  Iw  taken  ndvuiitagt.'  of  for  teL'lmicttl  eiida  ;  lor 
inatiuice,  for  ckatroying  colouring  nuitters.  It  has  even  heen  empluye^l  for  bleaching 
tiHBties  ftiid  for  the  rapid  preparation  of  vinegar,  altbongli  tbi^ae  meihodit  Utt\*e  not  yet 
received  wide  appUcatioo. 

1*  iHomeriHm  iti  elements  m  termed  altoiropibm. 

'*^  A  number  of  Hiibstantes  rctHemblo  ozone  in  one  or  another  of  these  respe<'t«».  Tlma 
fyamigen,  djN..^  nitrogen  chloride,  tlc.»  decompoewj  with  an  expUmioji  mid  evolution  of 
heat.  Nitrous  anhydride,  N..0-»  famis  a  blue  liiiuid  like  ozoni%4Uid  in  a  uuniberof  eAsea 
oxidieefl  like  oa:one.  Red  phortpboru**  is  to  white  pboMplioruH,  in  a  certain  sense,  whni 
oirygen  ift  to  ozone,  and  in  other  reHpect**  the  revera<? ;  tbii*  is  aUo  a  cuhc  of  allotropiBm, 
TbuH  a  chemical  analojijn^'  is  difTnst?d  in  diilerent  and  nioivt  varied  directions,  and  it  is  only 
after  an  acquaiTttance  with  the  diverge  relations  of  iinbHtani:es  that  an  idea  can  b«  formed 
of  the  complexity  of  chemical  ebange»,  vrbilst  their  generid  eyiitem  ift  i^till  wanting:;  tliat 
IK  to  tsay,  there  i«  notldmr  aiuilogiuiB  to  and  explaining  tlie  eorrelution  of  liquid  to 
^geoyti  sulmtances.  But  tlier*^  in  rea&on  to  think  that  in  this  case  abo  an  e^cplanatiou 
will  arine  with  the  accumulation  of  data,  a-s  we  sftee  from  the  fact  that  the  conception  of 
diBwot'iatien  explained  in  the  ftimplent  raaiHier  a  numlier  of  chemicivl  relations  which 
without  it  were  not  ttt  all  clear.  It  flbould  be  here  objH^ned  that  the  transition 
between  oxyi^^en  and  oxnne  under  tbe  conditions  of  a  eilcnt  diHcharge  forms  a  reversible* 
reaL'tinn  which  iw  wubjett  to  the  conception  of  dissmeiation,  whibt,  exempt  from  the 
cnnditions  of  a  silent  discharge,  the  pagsage  of  ozone  into  oxygen  ii^  not  reveniibie,  und 
forms  an  instance  of  decomposition  in  the  atricteat  een^e. 
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it  leaves  H^O  or  O^,  wLich  do  not  act  so  sharply,  although  tliey  still 
contain  oxygen.^'  Both  contain  the  oxygen  in  a  compressetl  state,  so 
to  speak,  and  when  freeil  from  pressure  by  the  forces  (internal)  of  the 
elements  in  another  substance,  this  oxygen  is  easily  evolved,  and  there* 
fore  acts  like  oxygen  at  the  moment  of  its  liberation.  Both  substances 
in  decomposing,  with  the  separation  of  a  portion  of  theii*  oxygen ♦  ^i*of rr. 
heat,  while  an  absorption  of  heat  is  usually  required  for  deconvposi- 
tion . 

Hydrogen  peroxide  is  formed  under  numy  circumstHnces  by  com- 
bostionand  oxidation,  but  in  very  limited  quantities  ;  thus,  for  instance, 
it  is  sufficient  to  shak**  up  zinc  with  sulphuric  acid^  or  even  with  water, 
to  remark  the  formation  of  a  certain  quantity  of  hydrogen  peroxide  in 
the  water  J'*  From  this  cause,  probably,  a  series  of  diverse  oxidation 
processes  are  accomplished  in  nature,  and,  according  tii  Prof.  8chone,  of 
Moscow,  hydrogen  peroxide  occurs  in  the  atmosphere,  although  in  vari- 
able and  small  quantities,  and  probably  Its  formation  is  connected  witlj 
oxone,  with  which  it  has  much  in  common.  The  usual  case  of  the 
formation  of  hydrogen  peroxide,  and  the  means  by  which  it  may  be  in- 

"  It  iti  evident  that  tliere  is  a  want  of  woTd%  here  for  rTiHtiii^iiishing  oxyg<en,  O,  a»4  nn 
uJtiTniite  ehmrt}t,  from  oxy^'en,  O^.uft  a./rcr  eJf merit .  It  Khpuld  be  called  oxygen  gai«,dkl 
not  Inibit  tinrl  tlie  length  of  the  t»icprL*HsioTni  rtnider  it  iiifouvenitint. 

'*  SchMnbtnin  state  hi  tliat  thf  fnrniatina  of  byih-ogeii  pemxide  is  U}  li«  remitrk<Hl  in  every 
oxidation  in  water  or  in  l\\t*  i«rest?nc'**  of  atjueons  vftpour.  According  to  Struve,  hydrogen 
peroxide  iw  contained  in  Hnow  mid  in  rain-wftter.  and  iln  fonnation,  together  with  oznne 
lind  Hjninoniuni  nitrate,  ift  even  prohnble  in  the  proceeneR  of  respiration  and  ct^mbitAtiim. 
A  ftohition  of  tin  in  mercnry,  or  liquid  tin  ainal^iLin,  when  Hhuken  op  in  WHt«'r  containing 
sulphuric  acid  giTPB  rise  to  llie  formation  of  hydrogen  i>ero3ude,  whilst  iron  under  th« 
siunc  circmnataneetii  doen  not  give  rise  lo  jt»  fi^nuatioD.  The  pretMjnce  of  frniall  qnantiiiett 
of  hydrogen  peroxide  in  theae  and  HtniLlar  eaiw^H  i»  recognised  hy  many  reactiotis, 
Atwong^t  them,  its  »wtiou  on  rhi'omif*  acid  in  the  prej^ence  of  ether  i«  very  characteristic. 
Hydrogen  peroxide  convertf*  the  chromic  ttcid  into  a  higher  oxide,  Cr^Oj,  which  is  of  a 
dftfk  hlue  colour,  and  diHsolves  in  ether,  Thia  ethereal  Holution  ift  to  a  cert^un  degree 
stable,  and  therefore  the  presence  of  hydrogen  peroxide  may  be  recngniaed  by  mixing 
the  liquid  to  be  tented  with  ether  and  adding  several  dropw  of  a  Holution  of  chromic  acid. 
On  Hhnkirig  the  mixture  the  ether  dissolveH  the  higher  oxide  of  chromium  which  \% 
formefl,  and  (n-quireH  a  blue  colour.  The  formation  of  hydrogen  peroxide  in  the  GombuK- 
tion  and  oxidntinn  of  HubManceii  ctnitaining  or  evolving  hydrogen  muMt  be  underaUiiod  in 
the  aeUfte  of  Uie  conception,  to  he  cnnMidered  Inter,  of  moleculen  occupying  equal  volumes 
111  a  grtiieoUB  litttte.  At  tiie  nicument  of  its  evolution  a  molecule  H.^  couibine»  with  a  mole- 
cule O^  and  givesi  H^tX.  As  xXna  ^uhHtniice  i^  unstable,  a  large  proportion  of  it  lit 
d«c«^mi>OKed,  a  amall  amount  only  remnining  unchanged.  If  it  \h  obtained,  water  is  easiljr 
formed  from  it ;  thi«  reaction  evolves  heat,  a-ud  tlie  reverse  action  is  not  very  pro- 
bal>le.  Direct  determinations  «how  that  the  rt.i>ifcctioi}  H,0,,  =  HjO  +  O  evolves  291H.h:i  heal 
onitK.  From  thin  it  will  he  und**rKttKHl  how  easy  is  the  decom|>oHitian  of  hydrogen 
peroxide,  an  well  an  the  fact  tliat  a  inunber  of  substances  which  are  not  directly 
oxidised  by  oxygen  are  oxidiised  by  hydrogen  peroxide  and  by  oxone,  which  al*io  evolves 
hflHi  on  d«*comi>o«ition.  Such  u  reprcHeiitation  of  the  f»ngin  of  hydrogen  peroxide  h«n* 
h^n  develotjed  by  me  ^ince  1H70,  In  recent  times  Traube  has  pronouuced  a  fiimihur 
opiftton. 
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directly  obtainef!»'-'  is  by  the  double  decomposition  of  an  acid  and  the  ) 
peroxides  of  certain  metals,  especially  those  of  potAssinm,  calcium,  and 
barium.'^  Among  these  pero^cides^  that  of  barium  is  the  most 
criiivenieritly  obtained,  it  being  enough,  as  we  saw  when  speaking  of 
oxygen  (Chap.  II  J.),  to  heat  the  anhydrous  oxide  of  barium  to  a  red  heat 
in  a  current  of  air  or  oxygen  :  or,  l>etter  still,  to  heat  it  with  potassium 
chlorate,  and  then  tn  wash  aw^ay  the  potassium  chloride  also  formed.^' 
Barium  peroxide  gives  liydrogen  peroxide  by  the  action  of  acids  in  the 
cold.^^  The  process  of  decomposition  is  very  clear  in  this  case  ;  the 
hydrogen  of  the  acid  replaces  the  barium  of  the  peroxide,  a  barium  salt 
of  the  acid  being  formed,  while  the  hydrogen  peroxide  formed  by  the 


i»  Thei  fonuAtion  of  hydrogen  peroxide  from  bariiim  peroxido  by  a.  metluMl  of  double 
decomposition  ia  &n  inHtattce  of  a  number  of  indirect  mrihoili  of  pre  pa  rat  ion.  A  sub- 
flt&nce  A  daeR  not  eombicie  with  B,  but  ab  \^  obtained  from  ac  in  itn  tiotion  on  bd  (fie« 
Introduction*  wbeii  ci>  is  fonntHb  W>tter  doeft  not  combine  with  ojcygen,  but  its  a  bydrat« 
of  add  A  it  itrCtB  on  the  com  pound  of  oxygen  mtb  bturiuin  oxide,  be^eftuse  tills  ojtide  gives  a 
salt  with  an  acid  aiibydride  ;  or,  what  is  the  Bame^hj'dropen  with  oxygen  dop«  not  directly 
form  bydrogon  peroxide^  but  when  combined  with  a  haloid  (for  «*itaiiipk%  ehlorine)»  under 
thenjction  of  bariam  peroxide,  BtiO^,  it  leadH  to  the  formfttion  of  a  salt  of  bnriuiu  and  H.^Oj. 
It  ifl  to  be  remarked  that  the  passage  of  barium  oxide,  BaO,  into  the  peroxide,  BaO^,  in 
accompanied  by  the  <rro^H/ lo/i  of  121000  beat  unite  per  3(^  parts  of  oxygen  by  weif^bt 
combined^  and  the  paetuige  of  H^O  into  the  peroxide  H,fO,^^  does  not  proceed  directly^ 
because  it  woiibl  \m  accomjmnied  by  th«  ahsorpiiou  of  22000  niiitH  of  beat  by  16  parts 
by  weight  of  oxygen  fotnbiued-  Barium  jieroxide*  in  iLcLin^  on  an  ucid^  evidently  evolves 
leaB  heat  than  the  oxide,  and  it  m  this  difference  of  beat  tiiat  in  ahHorbed  in  the  hydTogen 
peroxide.  Itn  energy  18  obtmued  from  the  energy  evohxHl  in  the  formation  of  the  Hiilt  of 
boriiim. 

*•  Peroxidei*  of  hmd  tmd  mtinfjaneHe,  und  other  analogous  i>eroxide8  (see  Chapter  IIl.» 
Note  9),  do  not  give  hydrojfen  peroxide  under  these  eonditiotift^  hut  yield  chlorine 
with  hydrochloric  acid. 

^1  The  impure  barium  peroxide  obtained  in  ttuH  manner  may  be  easily  purified.  For 
thin  purpose  it  is  dinHolved  in  a  dilute  ftolution  of  nitric  acid,  Tliere  will  alwaye  remain 
a  certAiti  quftntity  of  an  iiiBokible  reHidne,  from  which  the  t*olution  is  separated  by  £ltr&< 
tion.  The  aolliti<m  will  contain  not  only  the  compound  of  the  barium  jwroxide,  but  oloo 
S  compound  of  the  burinm  oxide  il^uelf,  a  certain  quantity  of  which  always  remainn  iin- 
oombined  with  oxygen.  The  acid  compounds  of  the  peroxide  and  oxide  of  barium  are 
eaftily  distinKui^bable  by  tbeir  wtnhility.  The  peroxide  giveis  an  unstable  com^xjund,  and 
the  oxide  a  Ktable  ftaU,  By  adding  'm  aqoeoiis  solution  of  barium  oxide  to  the  resultant 
B<:jQtion»  the  whole  of  the  peroxide  coi^tiiined  in  the  solution  may  ^)e  precipitated  a»  a 
puu'e  aqueouB  compound.  The  firnt  jM^rtioiiH  of  the  precipitate  will  con^iHt  of  impurilie« — 
for  iosianGe,  oxide  of  iron.  The  bariuiu  peroxide  septtf&tes  out,  mul  in  collected  on  i^ 
filter  and  washed ;  it  then  forma  a  Hubgtaiice  linving  rji  entirely  definite  comjioeitioii, 
BftO^hSHoO,  and  iw  very  pure.  Pore  hydrogen  i>eroxide  should  always  be  prepared  from 
such  purified  barium  j>eroxide* 

**  In  the  coldt  strong  snlphuric  acid  with  barium  peroxide  gives  oione ;  when  diluted 
with  a  certain  amount  of  wster  it  gives  oxygen  (see  Note  B),  and  hydrotjen  peroxide  ia 
only  obtained  by  the  action  of  very  we«k  sulphario  acid.  The  atids  hydrochloric, 
hydrofluoric,  carbonic^  and  hydro silicofluiorio,  and  others,  when  dihited  with  water  also 
give  hydrogen  peroxide  with  barium  peroxide.  Professor  Schone,  who  investigated 
hydrogen  peroxide  with  great  detail,  showed  that  it  ia  fonued  by  the  action  of  many  of 
the  above-mentioned  acid^  on  barium  peroxide. 
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barium  peroxide  remains  in  solution,^^  The  I'eaction  is  expressed 
by  the  equation  BaO^-f  HjS04=Hj04  +  BaS04.  It  is  best  to  take  a 
weak  cold  solution  of  sulphuric  acid  and  to  almost  saturate  it  with 
barium  peroxidej  so  that  a  smuU  fxce^^s  of  acid  remains  ;  insnluhle 
barium  t*ulphate  is  formed,  A  more  or  less  dihite  aqueous  solution 
of  hydmgen  peroxide  h  obt^iined*  This  solution  may  be  concentrated 
in  a  vacuum  over  sulphuric  acid.  In  this  way  the  water  may  even  be 
entii*ely  evaporated  fnmj  the  soluti<ni  of  the  hydrogen  penjxide  ;  only 
in  this  case  it  is  necessary  to  work  at  a  low  temperature^  and  not  to 
keep  tlie  peroxide  for  long  in  tlie  raretied  atmosphere,  as  otherwise  it 
decomposes.** 

When  pure,  hydrogen  peroxide  is  a  colourless  liquid,  without  smell, 
and  having  a  very  unpleasant  taste — such  as  belongs  to  the  salts  of 
mt&ny  metals — the  so-called  ^  metallic  '  taste.  Water  held  in  zinc  ve&sels 
has  this  taste,  which  is  probably  due  to  its  contiiining  hydrogen  peroxide. 
The  tension  of  the  vapour  of  hydrogen  peroxide  is  less  than  that  of 
aquwms  vapour  ;  this  enables  its  solutions  to  be  concentrated  in  a 
vacuum.  The  specific  gravity  of  anhydrous  hydrogen  penjxide  is  1*455* 
Pure  hydrogen  peroxide  decomposes,  with  the  evolution  of  oxygen,  when 
heated  even  to  20^^  (l>y  tlie  uctiim  of  light?).  But  the  more  ililute  its 
aqueous  solution  the  more  stable  it  is.  Very  weak  solutions  may  be 
distilled  without  the  hydrogen  peroxide  decomposing.  It  decolorises 
solutions  of  litmus  and  turmeric,  aiid  acts  in  a  similar  manner  on  many 
colouring  matt*?rs  of  organic  origin  (for  which  reason  it  is  employed  for 
bleaching  tissues). 

Man*/  ftubstnncfis  dt^nnptm*  hydraaen  ft^roHde^  ft»rming  water  and 
oxygen,  without  appiirently  suflering  any  change.  In  this  case  sub- 
stances in  a  state  of  fine  division  ei^ince  an  incomparably  quicker  action 

**  With  the  mnjority  of  acids,  that  Halt  of  bftrium  which  is  formed  renmiiifi  in  s<:t1atiou  ; 
Ihus,  for  innlance,  by  «mi)loying  hydrochloric  acid,  hydroijeri  peroxide  aiid  ban  a  in  chloride 
rejuttiu  in  solution.  Complicated  proceb*c»  would  b«  re<]uired  to  obtain  pure  hydrngon 
peroicide  from  such  n  §olution.  It  i*.  much  more  couvenittnt  to  take  advantage  of  the 
artioti  of  curboiiic  anhydride  on  the  pure  hydrate  of  barium  peroitide.  For  this  pnrpoaa 
the  hydrate  ia  stirred  up  in  water*  and  a  rapid  atream  of  carlKinic  anbydride  is  paiiaed 
liimaKh  the  water.  Barium  carbonate,  iniioluble  in  water,  is  formed,  and  tbti  hydrojfen 
|Hfroxide  remaiufi  in  solution,  so  that  it  may  be  Beparat4>d  from  the  carljon^te  by  filtering 
only.  On  a  large  «cale  hydrotluosihcie  acid  iii  employed,  becauae  its  barimo  HiUt  is  also 
inikdnblt!!  tu  water. 

>«  Hydrogen  peroxide  may  be  extractetl  from  very  dilute  solutions  by  meajis  of  ether, 
which  dissolves  it,  and  when  mixed  with  it  the  hydrogen  peroxide  may  even  be  dlatilled. 
k  «o]tition  of  hydrogen  peroxide  in  water  may  be  enriched  by  cooling  it  to  a  low  temper*. 
,  when  the  water  crystaHises  out — that  i&,  iu  converted  into  ice — whilst  tlie  hj'drogen 
ride  remaiub  in  mlution,  a»  it  only  freezes  at  very  low  temperaturea.  It  must  be 
obM^rved  that  hydrogen  pi?roxide,  in  a  atrong  aolution  in  a  pure  atate^  is  exceedingly 
«n«tiible  even  at  the  ordina^ry  temperattire,  ftnd  therefore  it  munt  be  preserved  in  veseeU 
&lwftya  kepi  cold,  a«  otherwise  it  evolves  oxygen  and  form«  water. 
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compact  masses,  from  which  it  is  evident  that  the  action  is  here 
based  on  contact  (etee  Introduction).  It  is  enough  to  bring  hydrogen 
peroxide  into  contac^t  with  charcoal,  gold,  the  peroxid<^  of  manganese 
or  lead,  the  alkali>,  metallic  silver,  anrl  platinum,  to  bring  about  the 
above  decoru position.'^  Besides  which,  hydrogen  peroxide  forms  water 
and  parts  witli  its  oxygen  with  gi*eat  ease  to  a  number  of  substances 
which  are  capable  of  being  oxidised  or  of  combining  with  oxygen,  and 
in  this  respect  is  very  like  o^ione  and  other  jiover/nl  Oitndim-rsJ'^  To 
the  number  of  contact  phenomena,  which  are  so  natural  to  hydrogen 
peroxide^  an  a  substance  which  is  unsta^ble  and  easily  decorapostible  with* 
the  evolution  of  heat,  must  be  referred  the  following — that  in  the  pre- 
sence of  many  substances  containing  oxygen  it  evolves,  not  unly  its  own 
oxygen,  but  also  that  of  the  substances  which  are  brought  into  contact 
with  it — that  is,  it  acfji  in  a  reducing  vmnner.  It  behaves  thus  with 
ozone,  the  oxides  of  silver,  mercury,  gold  and  platinmu,  and  lead 
peroxide.  The  oxygen  in  these  substances  is  not  stable,  and  therefore 
the   feeble    influence   of   contact    is  enough  to  destroy    it^    position^ 

*  Aa  lb©  fesalt  of  L'&reful  ro^earcb,  ct'tUin  of  tlm  cnialiftic  or  contact  pliieiiurijt»ni» 
have  becin  Bubjeoied  to  exact  expUnatirui,  wliidi  sbowH  the  parti ciimti on  of  a  sobstance 
preBeni  in  tbe  proceKS  of  u  retietioD,  wbiliiit,  howevcii'^  it  do^HUut  idter  tlie  series  of  cbHngos 
prooecding  from  mechanicAl  uii'tiuns  only.  PmfefiHor  ScbiJnf,  of  the  Petrofifsky  AcAdeiuyi 
lias  iilreiuly  eiplainwl  a  number  of  reactioiiH  of  hydrogen  peroxide  which  previt>UBly  were 
not  nudertiitood.  Thon,  for  iimtauce^  be  »bow(^d  that  witb  hydrogen  peroxide,  tilk^tbii  give 
|feroxideR  of  the  jilkoUtie  inetuln,  which  combine  with  the  remaining  hydrogen  jieroJtide, 
forming  nnalnbl©  eompoundR  which  are  easily  deeomjjojied,  mid  therefore  alkdiK  evince 
n  deeompoHinjj  <!  catalytic  I  influence  on  f^olutionB  of  hydrogen  [peroxide.  Only  acid  sola- 
tionw  of  hydrogen  peroxide,  and  then  only  dilute  ouea,  can  bo  preiterved  weU. 

*o  Jlydrogen  perpxtdt\  as  a  KubetaBco  contAiiiing  niucjh  oxygen  (namely,  15  parte  ta 
one  part  by  weight  of  hydrogen),  eitbibitf*  many  oxidiMng  reartwus.  Thus,  it  oJndi8«H 
arflcnic,  convert*!,  lime  into  calcium  pftroxide,  the  oxides  of  zinc  aiid  copper  into  peroxides; 
it  parts  with  its  oxygen  to  nniny  fiulphideH,  converting  them  into  tiulphiit^ft,  ttc.  So,  for 
example,  it  convertH  black  had  nulphidw,  PbH,  into  white  lead  wnlphate,  PbKO^,  copper 
fiuli>hide  into  copper  ftnlphate.  and  so  on.  The  re«^toration  of  old  oibpaintingH  by  hydrogen 
peroxide  if»  based  on  this  iittion.  Oil-cnlonrs  are  usually  adniixed  with  white  leiul, and  in 
many  caees  Ihf^  cukmr  of  oil  painta  beeomeH  darker  in  procetts  of  time.  This  is  partly 
due  to  the  sulphuretted  hydrogen  contained  in  the  ftir,  which  acta  on  white  letiwi, 
fonning  lead  sntpliidet  which  is  black.  The  interinixture  of  the  l>lftck  colour  darkens  the 
rest.  In  denning  a  picture  with  a  flohition  of  hydrogen  [leroxide,  the  black  lead  Hulphide 
i»  converted  into  white  sulphate,  and  the  tolours  bright«n  owing  to  the  diBapi>eanuic« 
of  the  black  suhtitauce  which  previously  darkened  them.  Hydrogen  peroxide  oxidisea 
with  particular  energy  Hubstauces  containing  hydrogen  and  capable  of  easily  partmg 
with  it  to  oxidming  HobHttvnceB.  Thus  it  decom|>0Beii  hydriodic  acid,  wetting  the  iodine 
free  and  converting  the  hydrogen  it  contttius  into  water;  it  altiodecomiJO»*eH»ulj>huretted 
hydrogen  in  exactly  th#  wime  manner.  Betting  the  sulphur  free.  Ktarch  paste  with 
IMjtasBiDro  iodide  h  not,  h[>wever^  directly  coloured  by  peroxide  of  hydrogen  in  tlie  entire 
ubftt.'nce  of  free  acids;  but  the  addition  of  a  smiiU  quantity  of  iron  sulphate  (green  vitriol) 
or  of  lead  acetnte  to  the  mixture  i^  enough  to  entirely  hlacken  tlie  pawte,  Thi»  i»  a  very 
sensitive  reagent  (tef^t)  f(tr  i>croxido  of  hydrogeu,  as  itt  aleo  the  test  with  chromic  o«id 
ttnd  ether  (see  Noto  8}» 
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Hydrogen  peroxide,  especially  in  a  concentrated  form,  in  contact  with 
these  substances,  evolves  an  immense  quantity  of  oxygen,  so  that  an 
explosion  takes  place  and  an  exceedingly  powerful  evolution  of  heat  is 
observed  if  hydrogen  peroxide  in  a  concentrated  form  be  made  to  fall 
in  drops  upon  these  substances  in  dry  powder.  An  exactly  similar  de- 
composition takes  place  in  dilute  solutions.^^ 

Just  as  a  whole  series  of  metallic  compounds,  and  especially  the 
oxides  and  their  hydrates,  correspond  with  water,  so  also  there  are 
many  substances  analogous  to  hydrogen  peroxide.  Thus,  for  instance, 
calcium  peroxide  is  related  to  hydrogen  peroxide  in  exactly  the  same 
way  as  calcium  oxide  or  lime  is  related  to  water.  In  both  cases  the 
hydrogen  is  replaced  by  a  metal — namely,  by  calcium.  But  it  is  most 
important  to  remark  that  the  nearest  approach  to  the  properties  of 
hydrogen  peroxide  is  afforded  by  a  non -metallic  element,  chlorine  ;  its 
action  on  colouring  matters,  its  capacity  for  oxidising,  and  for  evolving 
oxygen  from  many  oxides,  is  analogous  to  that  exhibited  by  hydrogen 
peroxide.  Even  the  very  formation  of  chlorine  is  closely  analogous  to  the 
formation  of  peroxide  of  hydrogen  ;  chlorine  is  obtained  from  manganese 
peroxide,  Mn02,  and  hydrochloric  acid,  HCl,  and  hydrogen  peroxide  from 
barium  peroxide,  BaOj,  and  the  same  acid.  The  result  in  one  case  is 
essentially  water,  chlorine,  and  manganese  chloride  ;  and  in  the  other 
oase  there  is  produced  barium  chloride  and  hydrogen  peroxide.  Hence 
water  4-  chlorine  corresponds  with  hydrogen  peroxide,  and  the  action 
of  chlorine  in  the  presence  of  water  is  analogous  to  the  action  of 
liydrogen  peroxide.  This  analogy  between  chlorine  and  hydrogen 
peroxide  is  expressed  in  the  conception  of  an  aqueous  radicle,  which 
(Chap.  III.)  has  been  already  mentioned.  This  aqiueaus  radicle  (or 
hydroxyl)  is  that  which  is  left  from  water  if  it  be  imagined  as  deprived 
of  half  of  its  hydrogen.  According  to  this  method  of  expression,  caustic 
so<la  will  be  a  compound  of  sodium  with  the  aqueous  radicle,  because  it 
is  formed  from  water  with  the  evolution  of  half  the  hydrogen.  This  is 
expressed  by  the  following  formulte  :  water,  H^O,  caustic  soda,  NaHO, 

*7  To  explain  the  phenomenon  an  hypothesis  has  been  put  forward  by  Brodif,  Clausius, 
unci  Schiinbein  which  supiwses  ordinary  oxygen  to  be  an  electrically  neutral  substance, 
composed  of,  so  to  speak,  two  electrically  opposite  aspects  of  oxygen — positive  and  negative. 
It  is  supposed  that  hydrogen  peroxide  contains  one  kind  of  such  polar  oxygen,  whilst  in 
the  oxides  of  the  above-named  metals  the  oxygen  is  of  opposite  polarity.  It  is  sup[)osed 
that  in  the  oxides  of  the  metals  the  oxygen  is  electro-negative,  and  in  hydrogen 
[wroxide  electro-positive,  and  that  on  the  mutual  contact  of  these  substances  ordinary 
neut,j*al  oxygen  is  evolved  as  a  consequence  of  the  mutual  attraction  of  the  oxygens  of 
opposite  polarity.  Brcxlie  admits  the  polarity  of  oxygen  in  combination,  but  not  in  an 
uncombined  state,  whilst  Schonbein  supposes  uncombined  oxygen  to  be  polar  also,'  con- 
Hidering  ozone  as  electro-negative  oxygen.  The  supposition  of  the  oxygen  of  ozone  being 
other  than  that  of  hydrogen  peroxide  is  contradicted  by  the  fact  that  in  acting  on  barium 
peroxide  strong  emlphuric  acid  forms  ozone,  and  dilute  acid  forms  hydrogen  peroxide. 
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just  as  hydrcK^hloric  acid  is  HCl  and  sodium  chloride  KaCL  Hence  the 
aquex>us  radicle  HO  is  a  compound  radicle,  just  as  chlorine,  CI,  is  a 
simple  radicle.  They  give  hydrogen  compounds,  HHO,  Wiitei\  and  HCl, 
hydrt ►chloric  acid  ;  sodium  compounds,  NhHO  and  NaCh  ami  a  whole 
ries  of  analogous  compounds.  Free  chlorine  in  this  sense  will  be 
ICl,  and  hydrogen  peroxide  HOHO,  whicli  indeed  e3cpresses  its 
OOmpCkiition,  because  it  contains  twice  as  much  oxygen  as  water. 

Thus  in  ozone  and  hydros^on  peroxide  we  see  examples  of  very 
unstable^  easily  decomposable  {by  time,  spontaneously,  and  on  contact) 
substances,  full  of  the  energy  necessary  for  change,  ^'*  capable  of  1 
being  easily  reconstructed  (in  this  case  decomposing  with  the  eviilu- 
tioii  of  heat)  ;  therefore  they  are  examples  of  unsfahh  chemical 
equUihria.  If  a  substance  exists,  it  signifies  that  it  already  presents  a 
certain  form  of  eqnilibrium  between  those  elements  of  whieb  it  is  built 
up.  But  chemicab  like  nxechauical,  equilibria  exhibit  different  degrees 
of  stability  or  solidity.^® 

**  The  lower  oxidps  of  nitrogen  and  chlorine  and  the  higher  oiidos  of  mitngiuie&e^  1 
itrealso  formed  with  the  nbaorption  of  heiit,  and  therefcuv,  Uku  hj'drcigeii  peroxide^  itct  in 
a  powfrfully  oxidiHuig  miinner^and  are  not  fonued  by  the  sume  methocls  aa  tho  niiijority 
of  other  oxide».  It  is  evident  that,  b<?ing  endowed  with  a  richer  ^.tore  of  energy  fuequired 
\n  combintition  or  tiljHori>tion  of  heat),  Buch  eubHtimceSj  compared  with  others  poorer 
in  energy^  will  exliihit  the  gfeate&t  diverBity  of  ca«iei4  of  chemical  action  with  other  »ub* 
stanoeo. 

**  If  the  point  of  Bnpport  of  a  body  lies  in  ft  vertind  line  below  the  centre  of  grmvity^  ibe^l 
efiuilibrium  is  entirely  iiutitii.ble«     If  the  centre  of  gnivity  lien  below  the  point  of  nuppori, 
the  Btate  of  etjuilihrium  is  very  Htabk%  and  a  vibration  nmy  take  place  about  this  pofU^ 
tioii  of  tttable  equilibrium,  ati.  in  ft  peudulnm  or  balance,  which  end«  in  the  body  pasMxi^ 
to  itH  position  of  Htahle  equilibrium.     But  if.  ket.^ping  to  tlie  sanie  niecliuninnl  example, 
the  Iwjdy  be  BUpport^^d  not  «n  ti  [wiini,  in  the  geoinetrical  sense  of  Ute  word,  but  oo  a 
Hniiull  phme,  tht:']i  the  ntute  r\i  uiititabk'  etjuilibriura  ntay  be  preBcrvfld^  nnk&a  deiitroyed 
by  ejcternrtl  influences.     Thuft  a  luan  htitndft  upright  mipportecl   on  the  pkne^  or  aeverul 
points  of  the  eurfaoeH  of  his  feet,  having  the  centre  of  gravity  above  the  pointn  of  Bup|>ort, 
Vibration  ia  then  poB^ible,  but  it  \»  limit^nl,  otherwise  on  pnHKing  ouUide  tht'  limit  of 
pijttBible  equilibrium  another  more  Htiible  i>o»ition   i»  attiiiiied  about  which  vilimtion 
becomew  more  po^&ible.     A  priuni  immersed  in  water  uiny  luivt^  nevoral   more  or  le»8 
stiible  posit  ion »  of  equilibrium*     It  ih  the  wame  with  the  itttmia  in   mole^roles.     Some] 
molecnks  present  a  state  of  more  »t*ihle  etpiilibrium  tlian  othern.     Ht-nt'*^  from  this  »miplQ  [ 
compftrison  it  will  be  already  clear  Uiat  the  stability  of  nmlecuk's  may  vary  considerably, 
tliat  one  and  the  wune  elemetitB,  taken  in  the  same  numl>er,  may  give  i wimeridew  of  different- ' 
stability,  and,  laKth%  that  there  may  eatiat  i»ti»freH  of  equilibria  which  »re  bo  unetable,  ao 
epbemerab  thrtt  they  will  only  arise  tinder  piurticnlarly  sjwcial   conditiona — such,    for 
example,  as  certtun  hydrates  mentioned  in  the  first  chapter  [Hef  Notew  57,  fi7,  and  others). 
And  if  in  one  case  the  instability  of  a  given  state  of  eqnilibrium  ia  expressed  by  its  ] 
instability  with  a  change  of  temijemtur«  or  physical  state,  then   in  otlier  casea  it  i«i| 
oxprettsed  by  the  case  of  decomjKiHitinn  under  t!i*i  influence  of  contact  or  of  the  pnroly'" 
chemical  influence  of  other  subHtanc^^R,     However  clearly  tlie  greater  or  le»s  stabihty 
of  the  elementary  structure  of  ttiibHtancew  be  depicted  to  us  in  these  general  eonsidera- 
tionst  still  at  present  there  m  no  possibility  of  presentinjf  tliora  in  a  sufliciontly  con-  , 
Crete  form  to  enable  purely  niechauicul  conceptions  to  be  applied  to   them ;  that  is*, 
to  subject  them  to  mathematicii!  anal}  sis,  and  to  muster  the  suhject  to  such  an  extent 
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Besides  this^  hydrogen  peroxide  indicates  auother  side  of  the  subject 
which  is  not  le^s  important^  and  is  much  clearer  and  more  general. 

Hydrogen  ututes  with  oxygen  in  two  degrees  of  oxidation  :  water 
or  hydrogen  oxide,  and  oxygenated  water  or  hydrogen  peroxide  ;  for  a 
^ven  quantity  of  hydrogen  the  peroxide  contains  twice  as  much  oxygen 
as  does  water.  Tliis  is  a  fresli  example  confirming  the  correctness  of 
the  law  of  multiple  proportions,  of  which  we  liave  already  made  men- 
tion in  speaking  of  the  water  of  crystallisation  of  salt^.  Now  we  can 
formulate  this  law  with  entire  cleaniess^ — ;/*>^  law  of  multiple  propor- 
tions,    Iftu:o  radicles  A,  and  B  {^ithf^  ^mph  or  compound  substances)^ 


unite  t^gei^ier  to  form  several  compounds^  A^Bwi>  \^r 


then 


ham^ig  expressed  the  compos^UioriB  of  all  thesis  rompouruis  in  »uch  a  ttmy 
that  the  qtuiniity  (%  urKighl  or  volume)  of  one  of  the  ctmiponent  jmrts 
nil  I  he  a  constant  fpmniUi/  A,  it  tcillhe  obner'^cetd  thai  in  all  the  comitomids 
AB^  AB(,  ....  the  tjuafUities  of  the  oth^r  com/t07ient  part,  B,  itili 
dways  be  in  comnien^irable  relation :  generally  in  simple  multiple 
pro/iortion — thai  is,  that  a  :  b  .  ,  .^  or  mjn  is  to  r/q  a^  tnhole  numbers^ 
for  instance  as  *2  :  3  or  3  :  4.  .  *  . 

The  analysis  of  water  shows  that  in  100  parts  by  weight  it  contains 
I  I'll  2  parts  l>y  weiifht  of  hydrogen  and  ^8-(S88  of  oxygen,  and  the 
analysis  of  peroxide  of  hydrogen  shows  that  it  contains  94*  112  parts  of 
oxygen  to  5*888  parts  of  hydrogejT.  In  this  the  analysis  is  expresse<i, 
as  analyses  generally  are,  in  percentages  ;  that  is,  it  gives  the  amounts 
of  the  elements  in  a  hundred  parts  by  weight  of  the  substance.  The 
direct  compari  son  %vl  the  percentage  compositions  of  water  and  hydrogen 
peroxide  does  not  give  any  simple  relation^  But  8uch  a  relation  is 
immediately  observed  if  we  calculate  the  composition  of  water  anrl  of 
Ikydrogen  peroxide^  having  ttiken  eitlier  the  quantity  of  oxygen  or  the 
quantity  of  hydrogen  as  a  constant  quantity —for  instance,  as  unity.  The 
most  simple  proportions  show  that  in  water  there  are  containetl  eight 
parts  of  oxygen  to  one  paH  of  hydrogen,  and  in  hydrogen  peroxide 
sixteen  parts  of  oxygen  to  one  part  of  hydrogen  ;  or  one- eighth  part  of 
hydi\»gen  in  water  and  one- sixteenth  part  of  hydrogen  in  hydrogen 
peroxide  to  one  paH  of  oxygen,  Natunilly,  tlie  analysis  does  not  give 
these  figures  with  absolute  exactness — it  gives  them  within  a  certain 
degree  of  error — but  they  approximate,  as  the  errt^r  dimioishes,  to  that 
limit  wliich  is  Iiei-e  ^^dven.  The  comparison  of  the  quantities  of  hydrt^n 
and  oxygen  in  the  two  substances  above  named,  taking  one  of  the  com- 
ponents as  a  constant  quantityp  gives  an  example  of  the  application  of 

Aft  to  foretell  the  degree  of  Btability  of  different  ehenaicAl  «iiutei>  of  equililjrimn.     The 
commencement  of  eleiiientftry  genenilisationft   hiLs  been  AppTtikeiided   in   only   «   few 
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the  law  of  multiple  propottionSj  because  water  contains  eight  parts  and 
hydrogen  peroxide  sixteen  parts  of  oxygen  to  one  part  of  hydrogen^  and 
these  figures  are  eommeusurahle  and  are  in  simple  proportion  as  1  :  2.  • 

An  exactly  similar  multiple  pr*:»portioTi  is  observed  in  the  composition 
of  all  other  well  investigated  definite  chemical  coinpounds,^°  and  there- 
fore the  law  of  multiple  proportions  is  accepted  in  chemistry  as  the 
starting  point  from  which  other  considerations  are  judged. 

The  law  of  multiple  proportions  was  discovered  at  the  very 
beginning  of  this  century  by  John  Dalton,  of  Manchester,  in  inve-stigat- 
ing  the  compounds  of  carbon  with  hydrogen.  It  appeared  tliat  two 
gaseous  compounds  of  these  substances— marsh  gas,  CH,,  and  oletianfc 
gas,  C^jH^,  contain  for  one  and  the  same  quantity  of  hytlrogen  quanti- 
ties of  cArhon  which  stand  in  multiple  proportion  ;  namely,  marsh  gas 
contains  relatively  half  as  much  carbon  as  olefiant  gas.  Although  the 
analysis  of  that  time  was  not  exact,  and  did  not  give  Dalton  I'esultii 
in  complete  accordance  with  truth,  stUl  the  accuracy  of  this  law, 
recognised  by  Dalton^  was  conlirmecl  by  further  more  accurate  investiga* 
tions.  On  establishing  the  law  of  multiple  proportions,  Dalton  gave  a 
hyjtotheticfil  explanation  for  it.  This  explanation  is  based  on  the 
atomic  theory  of  matter.  In  fact,  the  law  of  multiple  proportions  is 
understood  with  unusual  ease  by  admitting  the  atomic  structure  of 
matter. 
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S"  Wlien,  for  eitample,  any  element  fonun  B<!veral  oxides,  tli(?y  are  Bubjert  to  the 
law  of  multiple  propjrtions.  For  a  jnven  quimtity  of  tlie  non  iiieUl  or  inetnl  the 
qiifikntitie«i  of  oxygen  in  the  iliflerent  degreos  of  oxidntion  will  Htmid  ti?*  1  ;  %  or  as  1  :  8,  or 
as  '1  ;  d,  or  AA  ^I  :  1 ,  and  »j  (in.  TIhim,  fnr  inHtanre*  ciipper  combines  with  oxygpn  in  Itt 
letfkst  two  proportions,  funninjif  the  oxido**  fonnd  in  nitturt^,  and  caUwI  the  Hiiboxidu  and 
the  oxide  of  eopjier*  C«jO  and  CciO;  the  oxide  con taiiii*  twice  aw  inuoh  oxygen  a^theenb- 
oxidu.  Leiid  tklwo  preM^ntn  two  degriiCB  nf  oxidation,  tht*  oxide  and  peroxide,  and  in  the 
latter  there  jh  twice  ak  much  oxygen  as  in  the  fonner,  PbO  and  PhO ,.  The  »ubatAnc«* 
known  under  the  name  of  mininm,  and  which  i«  nnmewhat  widely  uned  aR  a  red  paint, 
is  only  a  mixtnr*^  of  the  nmtual  eom[>nmidH  of  thest*  oxides,  whieh  is  proved  not  only  by 
the  inconatiiney  of  its  oomiMwition,  but  alwo  by  the  t^ct  thiit  rtnijjentfl  capable  of  extmct- 
in^  the  oxide  of  lead*  estwcially  addn,  do  mitually  extract  it  and  leave  leiid  peroxide. 
Wlien  It  bane  and  an  aeid  arc  eapalileof  formintJ  aev(*ral  kindw  of  salts,  norniuK  acid,  ha«ic, 
and  a.nbydrf> -,  it  i«  found  tlmt  they  idntj  clearly  exemplify  the  law  of  mnliiple  pro^wrtions. 
Tliifi  watt  demonstrated  by  WollaBtou  booh  aft-er  tlif  di«cn¥*»ry  of  the  law  in  ^pH'^tion.  W© 
wttw  in  the  finst  chiipter  thnt  wdtft  ahow  different  dejifreeft  of  combination  with  water  ot 
cT^'BitalliHation,  and  that  they  obey  the  law  of  multiple  proportions.  And,  more  than 
thia,  the  indetinite  ehemic  id  comfMJundH  fxii*tinjif  as  t*o!utiniiH  may,  ah  we  Haw  in  the  MLme 
chapter,  be  brwijjht  under  the  law  of  multiple  proportions  by  the  hy])Othet*is  that  soln- 
tiona  are  uiiBtahle  bydraleH  formed  accord  in  j;  to  tlie  law  of  luultiple  proportion  b»  but 
ooourring  in  rt  stat*' of  diftsocialion.  By  meann  of  thi«  bj-p^thesis  the  law  of  multiple 
proporlionft  beeonien  Htill  more  peneral^  and  all  the  aKpect^  of  diemical  compotinds  are 
tsubject  to  it.  The  direction  of  the  whole  cointemporrtry  Ktate  of  chemistry  was  dcter- 
mined  by  the  di«coverieH  nf  LEivoisiier  and  Dalt^m,  By  bringini?  indefinite  compounds 
also  under  the  law  of  multiple  proportionw  we  arrive  at  tlmt  unity  of  chemical  conception* 
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The  essence  of  the  atomic  theory  is  that  matter  is  supposed  to  con* 
sistof  an  agglomeration  of  small  and  iiidivkible  parts — atoms — ^  which  do 
not  till  up  the  whole  space  occupied  by  a  substance,  hut  stand  apart 
from  each  other^  an  the  «uu,  planets,  and  stars  do  not  till  up  the  whole 
space  of  the  universe,  but  are  at  a  distance  from  each  other.  The  form  and 
pro[>erties  of  substances  ai*e  determined  by  the  position  of  their  atoms  in 
space  and  by  their  st^te  of  movement^  >^  hile  the  phenomena  accomplished 
by  substances  are  understood  as  redistributions  of  the  relative  piositions 
of  atoms  and  changes  in  their  movement.  The  atomic  representfition  of 
matter  arose  in  very  ancient  times,^^  and  up  to  recent  times  was  at  strife 
with  the  dynamical  hypothesis,  which  considers  matter  as  only  a  mani- 
festation of  forces.  At  tlie  present  time,  liowever,  the  majonty  of 
scirntilic  men  uphohl  the  atomic  hypothesis^  although  the  present  con- 
ception  of    an    atom    is   f|uite   diHerent    from    thai    of    the    ancient 

which  WRA  impoMJible  bo  long  as  definite  compoands  were  sepurntc*!!  from  iiideflnite  by  n 
sbturp  line  of  dennLrcntion, 

^^  Leocippiin,  Dt*mocrituH,  and  especially  Lu^riatius,  in  the  cl&ftiiical  Agea^  repre- 
iented  mutter  aw  maxlt^  tip  of  liUimK— that  is,  of  p&rt»  ineAp«ble  of  further  diviHion,  The 
geonietrioiU  iinpKissi'Iiilfty  of  each  au  ivdmiM0ion»  as  well  aa  the  coDcluJiiong  which  were 
dedneed  by  the  ancient  atoiiiiBt»^  from  their  fundamental  propoaition^}  prevented  other 
|ihila»«opber^  from  following  them,  and  the  ati>inic  dixtrine*  like  very  many  otherji,  livi>d, 
without  being  ratified  by  fftct,  in  the  iiad^nnatioiiH  of  its  followers.  Between  the  present 
Atcmiie  theory  and  the  doctrine  of  the  Above-namcMl  anciont  philosophers  there  in,  iiMtfirally 
M  remote  historical  connections  ant  Vietween  the  doctrine  of  Pytha^oraH  and  Cojiemiicua, 
but  thef  are  otMR-ntiiilly  profoimdly  different.  Fur  tia  the  atom  i»  indivisible,  m>t  in 
Uie  geometrical  abstract  sense,  bat  only  in  a  physical  and  chemical  aentie.  It  W4»iild  be? 
better  to  call  the  atoms  indiriaibte  individuah.  The  Greek  atom  —  the  Latin  individnal, 
neeording  to  both  the  anm  and  fien«ie  of  the  word^,  but  hist4>rically  then^  two  worda  are 
endowefl  with  a  different  meaning.  The  indi%*idual  is*  mechanically  and  geometrically 
diriaible,  but  only  indivisible  in  a  definite  aeu»e.  Thtr  earth,  the  fun,  a  man  or  fly 
wre  individualH,  tdthou^^h  geometrically  divisible,  ThuH  the  atortiH  of  contemporary 
seieuce,,  indivits^ible  In  a  phy^ico- chemical  Hentte,  form  thoHi^  onitH  which  are  concemedin 
the  investigation  of  the  natunvl  phenomena  of  matU^ir,  just  au  u  man  in  an  indiviiiiibte  unit  in 
th«i  invefttlgation  of  social  relatione,  or  ae  the  BttirH,  planetK,  njiid  himinaricH  wjrre  aMunitft 
ill  a«tronomy.  The  formation  of  the  vortex  hyiiotheHiJi,  in  which,  »>«  we  sluiO  tifterwarda 
ttee,  atoms  are  entire  whirls  nieclmnically  complete,  althont^h  phy&ico-eheniically  indiviaible, 
already  sIiowk  that  the  «<  ientific  men  of  our  time  in  boldiu;^'  to  the  atomic  theory  have 
only  borrowed  the  word  and  fjrm  from  the  ancient  pbilo^mphen*,  and  not  the  essence  of 
their  atomic  doctrine^  It  is  erroneoaHi  to  imagine  that  the  contemjHirary  conceptions  of 
the  atomi^t^  are  nothing  but  the  rei>etition  of  the  metaphyaical  reiw^uninj^i^  of  the 
nncieutd,  A»  a  {geometrician  in  reaMonin^  abont  curvea  repre»enta  tbem  aa  formed  of  a 
Bum  total  of  atraight  liueN^  because  aach  a  method  enables  hiiu  to  aualyae  the  viubjeot 
under  investigation^  no  the  Hcientifie  nmn  applies  the  atomic  theory  as  a  method 
of  analyiilng  the  phenomena  of  nature.  Naturally  there  are  people  now^  »m  in  ancient 
timeft,  and  a^  there  ulwayn  will  be^  whii  apply  reality  to  imagination,  and  therefore 
tliere  are  to  be  found  atomi^tK  of  extreme  ¥iewi*;but  it  is  not  in  their  spirit  that  we 
ahould  acknowledge  the  great  »erviceH  rendered  by  the  alonnc  doctrine  to  iiU  Hcience, 
which,  while  it  li4La  been  enMentially  independently  develu^jed,  ia,  il  it  be  deaini^d  to 
reduce  all  ideaa  to  the  doctrines  of  the  ancients,  a  union  of  the  ancient  dynamical  and 
atomic  doctrine  tt. 
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philosophers.  Nuw^  an  it t< mi  is  regarded  rather  as  an  isolate  or  unit 
whirh  is  mflivisiVile  by  physical  ^'-^  and  chemical  foi-ces,  whilst  the  atom 
of  the  ancients  was  inechaiiically  and  geoinetrieally  indivisible.  When 
Dalton(l''^04)  discovered  the  law  of  njultiplt?  proportiuns,  be  pronounced 
himself  in  favour  of  the  atomic  doctrine,  because  it  enables  this  law  to 
be  very  easily  understood.  If  the  divisibility  of  every  element  has  a 
limit,  namely  the  atom^  then  the  atoms  of  elenients  are  the  extreme 
limits  of  all  divisibility,  and  th^y  diHer  from  each  other  in  their  naiui"^ 
and  the  formation  of  a  compound  fi\>ni  elementary  matter  must  consist 
in  the  aggregation  of  several  rlitferent  atoms  into  one  whole  or  system 
of  atoms,  now  termed  partldeH  or  Mohcuht<.  As  atoms  can  only  com- 
bine in  their  entire  masses,  it  is  evident  that  not  only  the  law  of  defi- 
nite composition,  but  also  that  of  multiple  proportions,  must  apply  to  the 
combination  of  atoms  with  one  another  ;  for  one  atom  of  a  substance 
can  combine  with  one,  two,  or  three  atoms  of  another  substance,  or  in 
general  one,  two,  three  atoms  of  one  substance  ai-e  able  to  combine  with 
one,  two,  or  three  atoms  of  another  ;  this  being  the  essence  of  the  law^ 
of  multiple  pniportinns.  Chemical  and  physical  data  are  verj"  w^ell 
explained  by  the  aid  of  the  atomic  theory.  The  displacement  of  one 
element  by  another  follows  the  law  of  equivalency.  Tn  this  ease  one 
or  several  atoms  of  a  given  element  tiike  the  place  of  one  or  several 
atoms  of  another  element  in  its  compounds.  The  atoms  of  different 
substances  can  be  j nixed  together  in  the  same  sense  as  sand  can  be 
mixed  with  clay.  They  do  not  unite  into  one  whole-  t\fi,,  there  is  not  a 
|ierfect  blending  in  the  one  or  other  case,  but  only  a  juxtaposition ,  a 
homogeneous  whole  being  formed  from  individual  parts.  This  is 
the  first  and  most  simple  form  of  applying  the  atomic  theory  to  the  ! 
explanation  of  chemical  phenonaena,'^'' 

*'  DiUttm   utiil  mftny  of  hi**  j4ueiL')*s»orh  <Iis(iH«^yishecl   tbt*  atoms    of  elfments   and 
comi>onHd»,  in  whit^li  tliey  aln^iidy  clearly  rtynil»olirtfd  the  diffeineTiee  of  their  opinion  iroxn 
tlu*  repre«t?iitfttionn  of  tlm  Hiu<ieiiitH«     Now  only  the  indivi duals  of  ilw  p1finient«,  indi-  I 
visible  by  pliVj^ioU  unci  cbeniiciil  foroeH.,  are  termi'd  tLtonid,  and  the  individuals  of  eom- 
^miindfi  indivtniblf^  nndt'r  phyaieaL  changefi  ore  termed  moleculee ;  tbeHe  are  diviiiiljle  into  < 
atonm  by  elieniitJil  forces, 

53  Under  the  pr«&ent  condition  of  the  Bciences»  either  the  atomic  or  tlio  dynaniica.1 
hypotheftia  is  inevitably  obliged  to  admit  the  exifttonee  of  an  unobjM.^rvabhii,  invi&ibl«>,  and 
inBeuttible  motion  in  mutter,  without  which  it  ia  impofibible  to  anderwtand  either  li^^ht  of 
beat,  or  ^faseonM  preeenre,  or  the  entire  maMH  of  mt*chunicalt  physical,  or  chomic«il 
phenoniena.  The  iviicients  s«tiw  vital  movement  in  p.nimaU  only,  but  t^  ur  the  ^malleAt 
particle  of  niiitter,  endued  witli  fin  vitm,  or  enerj^y  in  Kome  deji^ti  or  other*  is  inconi> 
preheiiHibh"  without  Belf-eiciBteiit  motifm.  Thun  motion  ha«  heeome  a  conception 
inseparably  knit  with  the  conception  oi  matter,  ami  thiu  hah  pieparefl  the  ground  for  the  I 
revival  of  the  dynamii  al  hypotbe«iH  of  the  constitution  fjf  niHtter.  In  the  atomic  theory 
there  haw  ariften  that  jjem  ridiwin^  idea  by  which  the  world  ml  atoms  is  conBtmcted,  like 
the  universe  of  heavenly  Iwdiettj  nitb  it»  ^nnw^  phiiiet*^,  and  meteora.  endued  with  ever- 
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A  ct*rtam  number  of  atoms  n  of  an  element  A  in  combining  with 

JWteral  atoms  m  of  another  element  B  give  a  compound  A^B^  each 

raoleeule  of  which  will  contain  the  atoms  of  the  elements  A  and  B  in 

this  ratio,  and  therefore  the  compound  will  present  a  definite  amiposition^ 

expressed  by  the  formula  A^B„,  where  A  and  B  are  the  weights  of  the 


lasting;  foroe  of  motion^  forming  moleculeA  as  the  hearenlj  bodies  form  ty stems,  Ijice 
the  vAbx  Hy«teni,  which  moleculea  are  only  relatively  indiTisible  in  the  Mine  way  as  the 
planets  of  the  «olar  system  are  inBepnrable,  and  tttuble  and  lasting  fti>  the  solar  sj^tem  is 
laflting.  !^)ach  a  representation,  withoat  necessitating  the  absolate  ludivifiibilily  of 
atomSf  expres&^M  all  thiit  Rcicnce  can  require  for  an  hypothetical  repre^entiition  of  the 
cooBtitution  of  matter.  In  closer  proximity  to  the  dynamical  hypothetiiA  of  the  ccuifiiiti- 
tion  of  matter  m  the  oft-times  revived  vortex  hypotheaiJt.  Descartes  drst  cndeavonred 
to  raiHe  it ;  Hehnholtz  and  Thomson  gave  it  a  fuller  and  more  modem  form ;  many 
scientific  men  applied  it  tc^  physics  and  chemist ry»  The  idea  of  vortex  rings  senres 
ms  the  starting  {>oint  of  this  hypotheftis;  the^e  t^re  familiar  to  all  as  the  rings  of 
tobacco  smoke,  and  may  be  urtificially  obtained  by  giving  a  sharp  blow  to  the  sides  of  a 
cat^boafd  box  having  a  circular  orifice  and  filled  with  smoke.  Phosphine,  as  we  shall 
see  Iftter  on,  wlien  bubbling  from  water  always  gives  very  perfect  vortex  rings  in  a  still 
atmo«phere.  In  atich  rings  it  im  eaH)^  to  observe  a  constant  circular  motion  about  their 
axes,  and  to  remark  the  stability  the  riiTfir**  jjosaeBs  iii  their  motion  of  translation.  Tlus 
unchangeable  muM&^  endued  with  a  rnpid  internal  motion,  is  likened  to  the  at^m.  In  a 
medium  deprived  of  friction,  ^ucli  a  ring,  a»  iw  Khowu  by  theoretical  coDsidcrations  of  the 
subject  from  a  mechanical  point  of  view,  would  be  jseqiietmil  and  unchangeable.  The 
rings  are  capable  of  gronping  together,  and  combining,  being  indivisible^  remain 
iiidivisible.  The  vortex  hypothesis  has  been  established  in  our  times,  but  it  has  not 
been  fuUy  developed ;  its  application  to  chemical  phenomena  is  not  clear,  although 
not  impossible  ;  it  doea  not  satisfy  a  doubt  in  respect  to  the  nature  of  the  space  existing 
between  the  rings  (just  as  it  is  not  clear  what  exists  l>etween  atoms,  and  between  the 
planetsit  neither  does  it  tell  db  what  is  the  nature  of  the  njoving  substivnce  of  the  ring, 
and  therefore  for  the  present  it  only  presents  the  germ  of  an  hypothetical  conk^eption  of 
the  constitution  of  matter,  consequently,  I  ccmsider  that  it  would  be  anpf^rtlnoiiH  to 
speak  of  it  in  greater  detaiL  However,  tlie  thoughts  of  investigators  ar*^  uowr  (and 
naturally  will  be  in  the  future),  as  they  were  in  the  tune  of  Dalton,  often  turned  to  the 
question  of  the  limitation  of  the  mechanical  division  of  matterf  and  the  atomista  have 
searched  for  an  answer  in  the  mo&t  diverse  spheres  of  nature.  I  select  one  of  the 
methods  tried,  which  does  not  in  luiy  way  refer  to  chemistry,  in  order  to  show  how  closely 
all  the  provinces  of  natural  science  are  Iwund  together*  WollnHton  proposed  the  inves- 
tigation of  the  atmo^here  of  the  heavenUf  hotUev  as  a  meanu  for  conlimiing  the 
existence  of  atoms.  If  the  divisibility  of  matter  be  infinite^  then  air  musit  extend 
throughout  the  entire  space  of  the  heavens  as  itext<«nds  all  over  the  earth  by  its  elasticity 
and  diffusion.  If  the  infinite  divisibility  of  matter  be  admitted,  it  is  impossible  that  any 
portion  of  the  whole  apace  of  the  universe  can  be  entirely  void  of  the  comtK>nent  parts  of 
cur  atmosphere.  But  if  matter  Ims  divisible  up  to  a  certain  limit  only — namely,  up  to  the 
atom^ — then  there  can  exist  a  heavenly  body  void  of  an  atmosphere ;  and  if  such  abmiy 
be  discovered,  it  would  Her\'e  as  an  iin|joriiviit  factor  for  the  acceptation  of  the  validity  of 
the  atomic  doctrine.  The  nuM)n  has  long  been  connidered  an  such  a  lumijiary,  and  tliin 
circmnstitnce,  especially  froni  its  proximity  to  the  earth,  has  been  cited  as  the  best  prfwd 
Oif  the  validity  of  the  atomic  dtKrtrine.  This  proof  is  apparently  (Poisson  I  deprived  of 
some  of  its  force  from  the  possibility  of  the  transformation  of  the  component  parts  of 
our  atmosphere  into  a  sohd  or  liquid  state  at  immense  heights  abi3ve  the  earth's  surface, 
where  the  teniperatore  is  exceedingly  loa*;  hut  a  series  ojf  researches  <Poulc)  has  shown 
thai  the  temjierature  of  the  heavenly  space  is,  comparatively,  not  so  very  low,  and  is 
Attainable  by  experimetital  means,  so  that  at  the  low  existing  pre§sare  the  liqtieiaction 
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atoms  and  in  aud  7i  their  relative  number.  If  the  same  elements  A  and 
B,  in  addition  to  A„B„,  also  yield  another  compound  A,.B,^,  then  by 
expressing  the  composition  of  the  first  compound  by  A„,.B^^  (and  this 
is  the  same  composition  as  A„B„,),  and  of  the  second  compound  by 
-^rifiqnj  we  have  the  law  of  multiple  proportions,  because  for  a  given 

of  gases  cannot  be  expected.  Therefore  the  absence  of  an  atmosphere  about  the  moon, 
if  it  were  not  subject  to  doubt,  would  be  counted  as  a  forcible  proof  of  the  atomic 
theory.  As  a  proof  of  the  absence  of  a  lunar  atmosphere,  it  is  cited  that  the  moon, 
in  its  independent  movement  between  the  stars,  when  eclipsing  a  star — that  is,  when 
passing  between  the  eye  and  the  star — does  not  show  any  signs  of  refraction  at  its 
edge ;  the  image  of  the  star  does  not  alter  its  position  in  the  heavens  on  approach- 
ing the  moon's  surface,  consequently  there  is  no  atmosphere  on  the  moon's  surface 
capable  of  refracting  the  rays  of  light.  Such  is  the  conclusion  by  which  the  absence  of 
a  lunar  atmosphere  is  acknowledged.  But  this  conclusion  is  most  feeble,  and  there  are 
even  facts  in  exact  contradiction  to  it,  by  which  the  existence  of  a  lunar  atmosphere 
may  be  proved.  Tlie  entire  surface  of  the  moon  is  covered  with  a  number  of  mountains, 
having  in  the  majority  of  cases  the  conical  form  natural  to  volcanoes.  The  volcanic 
character  of  the  lunar  mountains  was  confirmed  in  October  1H60,  when  a  change  was. 
observed  in  the  form  of  one  of  them  (the  crater  Linnea).  These  mountains  must  be  on 
the  edge  of  the  lunar  disc.  Seen  in  profile,  they  screen  one  another  and  interfere  with 
making  observations  on  the  surface  of  the  moon,  so  that  when  looking  at  the  edge  of 
the  lunar  disc  we  are  obliged  to  make  our  observations  not  on  the  moon's  surface,  but 
at  the  summits  of  the  lunar  mountains.  These  mountains  are  higher  than  those  on 
our  earth,  and  consequently  at  their  summits  the  lunar  atmosphere  must  be  exceed- 
ingly rarefied  even  if  it  possess  an  observable  density  at  the  surface.  Knowing  the  mass  of 
the  moon  to  be  eighty-two  times  less  than  the  mass  of  the  earth,  we  are  able  to  approxi- 
mately determine  that  our  atmosphere  at  the  moon's  surface  would  be  about  twenty- 
eight  times  lighter  than  it  is  on  the  earth,  and  consequently  at  the  very  surface  of  the 
moon  the  refraction  of  light  by  the  huiar  atmosphere  must  be  very  slight,  aud  at  the 
heights  of  the  lunar  mountains  it  must  be  imperceptible,  and  would  be  lost  within  the 
limits  of  experimental  error.  Therefore  the  absence  of  refraction  of  light  at  the  edge  of 
the  moon's  disc  cannot  yet  i>lead  in  favour  of  the  absence  of  a  lunar  atmosphere.  There 
is  even  a  series  of  observations  obliging  us  to  admit  the  exi>»tence  of  this  atmosphere, 
These  researches  are  due  to  Sir  John  Herschel.  This  is  what  he  writes  : — '  It  has  often 
been  remarked  that  during  the  eclipse  of  a  star  by  the  moon  there  occurs  a  peculiar 
optical  illusion ;  it  seems  as  if  the  star  before  disappearing  passed  over  the  edge  of  the 
moon  and  is  seen  tlu-ough  the  lunar  disc,  sometimes  for  a  rather  long  period  of  time.  I 
myself  have  observed  this  phenomenon,  and  it  has  been  witnessed  by  perfectly  trust- 
worthy observers.  I  ascribe  it  to  optical  illusi<m,  but  it  must  be  admitted  that  the  star 
might  have  been  seen  on  the  lunar  disc  through  some  deep  ravine  on  the  moon.'  Geniller, 
in  Belgium  (1856),  following  the  opinion  of  Kassine,  Eiler,  and  others,  gave  an  explana- 
tion to  this  phenomenon  ;  he  considers  it  due  to  the  refraction  of  light  in  the  valleys  of 
the  lunar  mountains  which  occur  on  the  edge  of  the  lunar  disc.  In  fact,  although 
these  valleys  do  not  probably  present  the  form  of  straight  ravines,  yet  it  may  sometimes 
happen  that  the  light  of  a  star  is  so  refracted  that  its  image  might  be  seen,  notwith- 
standing the  absence  of  a  direct  path  for  the  light-rays.  He  then  goes  on  to  remark 
that  the  density  of  the  lunar  atmosphere  must  be  variable  in  different  parts,  owing  to 
the  very  long  nights  on  the  moon.  On  the  dark,  or  non-illuminated,  portion,  owing  to 
these  long  nights,  which  last  thirteen  of  our  days  andnightH,  there  must  be  excessive  cold, 
and  hence  a  denser  atmosphere,  while,  on  the  contrary,  at  the  illuminated  portion  the 
atmosphere  must  be  much  more  rarefied.  This  variation  in  the  temperature  of  the 
different  parts  of  the  moon's  surface  explains  also  the  absence  of  clouds,  notwithstanding 
the  possible  presence  of  air  and  aqueous  vapour,  on  the  visible  portion  of  the  moon.    The 
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quantity  of  the  first  element,  A,.^,  there  occur  quantities  of  the  second 
element  bearing  the  same  ratio  to  each  other  as  nir  is  to  ^n  ;  and  as  m, 
r,  q,  and  n  are  whole  numbers,  theiefore  their  prt>tluets  are  also  whole 
numbers,  and  this  is  also  expre.ssed  by  the  biw  of  nmltiple  proportions. 
Consequently  the  atomic  theory  is  in  accordance  with  and  evokes  the 
first  laws  of  defiriite  chemical  compounds  :  the  law  of  definite  composi- 
tion and  the  law  of  multiple  proportions. 

So,  also,  is  the  relation  of  the  atomic  theory  to  the  third  law  of  definite 
chemical  compounds,  the  law  f*f  reciprocal  coinbinhig  weigh ta^  which  is  as 
follows  : — If  a  certain  weight  of  a  substance  C  combine  with  a  weight 
a  of  a  substance  A,  and  with  a  weight  h  oi  a  substance  B,  then,  also^  the 
substances  A  and  B  will  combine  together  in  tjuan titles  a  and  b  (or  in 
multiples  of  them).  This  should  be  the  case  from  the  conception  of  atoms. 
Let  A,  B,  and  C  be  the  weights  of  the  atoms  of  the  three  substances,  and 
for  simplicity  of  reasoning  let  comlii nation  proceeti  in  the  quantity  of  one 
atom.  It  is  evident  that  if  the  substance  gives  AC  and  BC,  then  the 
substances  A  and  II  will  *jjire  a  compound  AB,  or  their  multiple,  A„B,^. 

Sulphur  condanes  with  hydrogen  and  with  oxygen.  Sulphuretted 
hydrogen  contains  thirty-two  parts  by  weight  of  sulphur  to  two  parts 
by  weight  of  hydrogen,  which  is  expressed  by  the  formula  H^S.  Sulphur 
dioxide,  8O2,  contains  thirty-two  parts  of  sulphur  and  thirty-two  parts  of 
oxygen,  and  therefore  we  conclude,  from  the  law  of  combining  weights, 
that  oxygen  and  hydrogen  will  combine  in  the  proportion  of  two  parts 
of  bydrogeu  and  ihii'ty-two  ptirts  of  oxygen,  or  multiple  numbers  of 
them.  And  we  have  seen  this  to  be  the  case.  Hydrogen  peroxide 
contains  thii'ty-two  parts  of  oxygen,  and  water  sixteen  parts,  to  two 
parts  of  hydrogen  ;  and  so  it  is  in  all  other  cases.  This  consequence  of 
the  atomic  theory  is  in  accordance  with  nature,  witli  the  results  of 
analysis,  and  is  one  of  the  most  important  laws  of  eheraistr)'.  It  is  a  law, 
because  it  indicates  the  rtlation  htttceen  the  weights  of  substances  enter- 
ing into  chemical  condjination.  Further  it  is  an  eminently  exact  law, 
and  not  an  approxiiiiatt*  one.  The  law  of  combining  weights  is  a  law 
of  nature,  and  by  no  means  an  hypothesis,  for  let  the  en tii*e  theory  of 
atoms  be  cast  down,  still  the  laws  of  multiple  proportions  and  of  com- 
bining weights  will  remain,  inasmuch  as  they  deal  with  facts.  They 
may  be  guessed  at  from  the  sense  of  the  atomic  theory,  and  historically 

presencM}  of  an  tttmoBpht^rc  muiiri  thr  »un  amrl  pluDett*,  judging  from  tttitrriiiomical  obntTVA- 
iiofifi*  may  be  con«iderecl  aH  /ully  provcnL  On  Jupiter  luid  Murs  there  may  be  even 
<llfttingtiiiili(H;1  bttiiclii  of  cloud «.  Tbus  th«i  utijmic  doctrine^  iLdmitting  a  finjtt^  meL;hiuiiu&l 
iliviKibiltty  otdy,  must  be,  as  yet  &t  Leuat,  only  accepted  hh  a  meaQBt  t^unilar  to  that  meiuifl 
whirli  iL  mathenniticuLn  einph>ys  when  he  breiiktf  up  n  coutmuoii»  curn'ilineHr  hne  into  a 
nmnber  of  Htraight  hneK.  ThcTe  is  u  nimpl icily  «jf  reprefteniation  in  titoms^  but  there  iii 
no  absolnte  neceiiiiity  to  have  rpcourso  to  UiL^ni*  The  conception  of  the  inflividiiiihty  of 
the  parts  of  matter  exhibited  in  chemictd  eli^nienta  only  is  necseiaary  and  trnstworthy. 
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the  law  of  combining  weights  is  intimately  connected  with  this  theory  ; 
but  they  are  not  identical,  but  only  connected,  with  it.  The  law  of 
combining  weights  is  formulated  with  great  ease,  and  is  an  immediate 
consequence  of  the  atomic  theory,  without  it,  it  is  even  difficult  to  under- 
stand. Data  for  its  evolution  existed  previously,  but  it  was  not  seen 
until  those  data  were  interpreted  by  the  atomic  theory.  Such  is  the 
property  of  hypotheses.  They  are  indispensable  to  science ;  they  bestow 
an  order  and  simplicity  which  are  difficultly  attainable  without  their 
aid.  The  whole  history  of  science  is  a  proof  of  this.  And  therefore 
one  may  boldly  say  that  it  is  better  to  hold  to  an  hypothesis  which  may 
afterwards  prove  untrue  than  to  Iftive  none  at  all.  Hypotheses  facilitate 
scientific  work  and  render  it  uniform.  The  search  for  truth,  like  the 
plough  of  the  husbandman,  helps  forward  the  work  of  the  labourer, 
regulates  it,  and  forces  him  to  think  of  the  further  improvement  both 
of  the  work  itself  and  of  its  implements. 


CHAPTER    V 

KITBOGKN     ANi>    AlJt 

Gaseous  nitrogen  forms  abuut  four*£fths  (by  volume)  of  the  atmo- 
sphere ;  eonsequently  the  air  contains  an  exceedingly  large  mass  of  it. 
Wliilst  entering  in  so  cotisiderable  a  quantity  into  the  composition  of 
air,  nitnigen  doe^  not  seem  to  play  any  active  part  in  the  atnjosphere, 
the  chemical  action  of  which  is  mainly  dependent  on  the  oxygen  it  con- 
tailLS*  But  tills  is  not  au  entirely  correct  idea,  because  animal  life 
cannot  exist  in  pure  oxygen,  in  which  animals  pass  into  an  abnormal 
state  ami  die;  and  the  nitrogen  of  the  air,  although  slowly,  forms 
diverse  compounds^  many  of  which  play  a  most  iniportant  part  in 
nature,  especially  in  the  life  of  organisms^  However,  ueitber  plants 
nor  animals  directly  abst»rlj  the  nitrogen  of  the  air,  but  take  it  up 
from  already  prepared  nitixjgenous  compounds  ;  fyilher,  plants  are 
nourished  by  the  nitrogenous  substances  contained  in  the  soil  and  water, 
and  animals  by  the  nitrogenous  substances  ccmtained  in  plants  and  in 
other  animals.  Atmospherie  electricity  is  capabh^  of  aiding  the  passage 
of  gaseous  nitrogen  into  oitrogenoua  compounds,  as  we  shall  afterwards 
see,  and  the  resultant  substances  are  carriefl  to  the  S4iil  by  rain,  where 
they  serve  for  the  nourishment  of  plants.  Plentiful  harvests,  tine 
crops  of  hay,  vigorous  gi*owth  of  trees — other  conditions  being  equal — 
are  only  obtiiined  when  the  soil  contains  rt^tuiy  im^pared  nitrogefrntis 
comjxyiindi^,  consisting  either  of  those  which  occur  in  air  and  water,  or 
of  the  residues  of  the  decomposition  of  other  plants  or  animals  (as 
in  manure).  The  nitn>genous  BubsUinces  containetl  in  animals  have 
their  origin  in  those  substiinces  which  are  formed  in  plants.  Thus 
the  nitrogen  of  the  atmosphere  is  the  origin  of  all  the  nitrogenous 
substances  occurring  in  animals  and  plants,  although  not  directly  so> 
but  after  first  combining  w^ith  the  otlier  elements  of  air. 

The  nitrogenous  compounds  which  enter  into  the  composition  of 
plants  and  animals  are  of  primary  importance  ;  no  vegetable  or  animal 
cell — ^that  is,  the  elementary  form  of  organism — exists  without  con- 
taimog  a  nitrogenous  substance ;  organic  life,  before  all,  evinces  itself  in 
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these  nitrogenous  substances.  The  germs,  seeds,  and  those  parts  by 
which  cells  multiply  themselves  abound  in  nitrogenous  substances  j  the 
.sum  total  of  the  phenomena  which  are  proper  to  organisms  depend, 
before  all,  on  the  chemical  properties  of  the  nitrogenous  substances 
which  enter  into  their  composition.  It  is  enough,  for  instance,  to  point 
out  the  fact  that  vegetable  and  animal  organisms,  clearly  distinguish- 
able as  such,  are  characterised  by  a  different  degree  of  energy  in  their 
nature,  and  at  the  same  time  by  a  difference  in  the  amount  of  nitro- 
genous substances  they  contain.  In  plants,  which  compared  with 
animals  possess  but  little  activity,  being  incapable  of  independent  move- 
ment, «fec.,  the  amount  of  nitrogenous  substances  is  very  much  less  than 
in  animals,  whose  tissues  are  almost  exclusively  formed  of  nitrogenous 
substances.  It  is  remarkable  that  the  nitrogenous  parts  of  plants, 
chiefly  of  the  lower  orders,  sometimes  present  both  forms  and  properties 
which  approach  to  those  of  animal  organisms ;  for  example,  the  zoo- 
spores of  seaweeds,  or  those  parts  by  means  of  which  the  latter  multiply 
themselves.  These  zoospores  on  leaving  the  seaweed  in  many  respects 
resemble  the  lower  orders  of  animal  life,  having,  like  the  latter,  the  pro- 
perty of  moving.  They  also  approach  the  animal  kingdom  in  their  com- 
position, their  outer  coat  containing  nitrogenous  matter.  Directly  the 
zoospore  becomes  covered  with  that  non -nitrogenous  or  cellular  coating 
which  is  proper  to  all  the  ordinary  cells  of  plants,  it  loses  all  re- 
semblance to  an  animal  organism  and  becomes  a  small  plant.  It  may  be 
thought  from  this  that  the  cause  of  the  difference  in  the  vital  processes 
of  animals  and  plants  is  the  different  amount  of  nitrogenous  substances 
they  contain.  Those  nitrogenous  elements  which  occur  in  plants  and 
animals  appertain  to  the  series  of  exceedingly  complex  and  very  change- 
able chemical  compounds  ;  their  elementary  composition  alone  shows 
this;  besides  nitrogen,  they  contain  carlx)n,  hydrogen,  oxygen,  and 
sulphur.  Being  distinguished  by  a  very  great  instability  under  many 
conditions  in  which  other  compounds  remain  unchanged,  these  sub- 
stances are  fitted  for  those  perpetual  changes  which  form  the  first  con- 
dition of  vital  activity.  These  complex  and  changeable  nitrogenous 
substances  of  the  organism  are  called  prote'id  substances.  The  white 
of  eggs  is  a  familiar  example  of  such  a  substance.  They  are  also 
contained  in  the  flesh  of  animals,  the  curdy  elements  of  milk,  the 
glutinous  matter  of  wheaten  flour,  or  so-called  gluten,  which  forms  the 
chief  component  of  macaroni,  etc. 

Nitrogen  occurs  in  the  earth's  crust,  in  compounds  either  forming 
the  remains  of  plants  and  animals,  or  derived  from  the  nitrogen  of  the 
atmosphere  as  a  consequence  of  its  combination  with  the  other  com- 
jponent  parts  of  the  air.     It  is  not  found  in  other  forms  in  the  earth's 
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crust ;  so  that  nitrogen  must  be  considered,  in  contradistinction  to 
oxygen,  as  an  element  which  is  purely  superficial,  and  does  not  extend 
to  the  depths  of  the  earth.* 

Nitrogen  is  liberated  in  a  free  state  in  the  decomposition  of  the 
nitrogenous  organic  suhstaiices  entering  into  the  composition  of 
organisms — for  instance,  on  their  combustion.  All  organic  substances 
burn  when  heated  to  redness  withoxygen  (or  substances  readily  yielding 
it,  such  as  oxide  of  copper)  ;  the  oxygen  combines  with  the  carbon, 
sulphur,  and  hydrogen,  and  the  nitrogen  is  evolved  in  a  free  state, 
because  at  a  high  temperature  it  does  not  form  any  stable  compound, 
but  remains  free.  Carbonic  anhydride  and  water  are  formed  from  the 
carbon  and  hydrogen  respectively,  and  therefore  to  obtain  pure 
nitrogen  it  is  necessary  to  remove  the  carbonic  anhydride  from  the 
gaseous  products  obtained.  This  may  be  done  very  easily  by  the  action 
of  alkalis — for  instance,  caustic  soda.  The  amount  of  nitrogen  in 
organic  substances  is  determined  by  a  method  founded  on  this. 

It  is  also  very  easy  to  obtain  nitrogen  from  air,  because  oxygen 
combines  with  many  substances.  Either  phosphorus  or  metallic  copper 
are  usually  employed  for  removing  the  oxygen  from  air,  but,  naturally, 
a  number  of  other  substances  may  also  be  used.  If  a  small  saucer  on 
which  a  piece  of  phosphorus  is  laid  be  placed  on  a  cork  floating  on  water, 
and  the  phosphorus  be  lighted,  and  the  whole  be  covered  with  a  glass 
bell  jar,  then  the  air  under  the  jar  will  be  deprived  of  its  oxygen,  and 
nitrogen  only  will  remain,  owing  to  which,  on  cooling  the  water  will 
rise  to  a  certain  extent  in  the  bell  jar.  The  same  object  (procuring 
nitrogen  from  air)  is  attained  much  more  conveniently  and  pei-fectly 
when  air  is  passed  through  a  red-hot  tube  containing  copper  filings. 
At  a  red  heat,  metallic  copp)er  combines  with  oxygen  and  gives  a  black 
powder  of  copper  oxide.  If  the  layer  of  copper  be  sufiiciently  long  and 
the  current  of  air  slow,  all  the  oxygen  of  the  air  will  be  absorbed,  and 
nitrogen  alone  will  pass  from  the  tube.^ 

*  The  reason  why  there  are  no  other  nitrogenous  substances  within  the  earth's  mass 
beyond  those  which  have  come  there  with  the  remains  of  organisms,  and  from  the  air 
with  rain-water,  must  be  looked  for  in  two  circumstances.  In  the  first  place,  in  the  in- 
stability of  many  nitrogenous  compounds,  which  are  liable  to  break  up  with  the  forma- 
tion of  gaseous  nitrogen  ;  and  in  the  second  })lace  in  the  fact  that  the  salts  of  nitric  acid, 
forming  the  product  of  the  action  of  air  on  many  nitrogenous  and  especially  organic 
compounds,  arc  ver}'  soluble  in  water,  and  on  penetrating  into  the  depths  of  the  earth 
<with  water)  give  up  their  oxygen.  The  result  of  the  changes  of  the  nitrogenous  organic 
substances  which  fall  into  the  earth  is  without  doubt  frequently,  if  not  always,  the  forma- 
tion of  gaseous  nitrogen.  Thus  the  gas  evolved  from  coal  always  contains  much  nitrogen 
(together  with  marsh  gas,  carbonic  anhydride,  and  other  gases). 

*  Copper  (best  as  shavings,  which  present  a  large  surface)  absorbs  oxygen,  forming 
CuO,  at  the  ordinary  temperature  in  the  presence  of  solutions  of  acids,  or,  better  still,  in 
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Nitrogen  may  also  W  procured  from  many  of  its  rompoundti  tvUh 
oxygen^  and  hydrogen,*  but  tlie  I>est  fitted  for  this  purpose  is  a  saline 
mixture  containing,  on  the  one  hanrl,  a  compound  of  nitrogen  with 
oxygen,  termed  nitrous  anhydride,  N^O.^,  and  on  the  other  hand, 
ammonia^  NH^ — that  is,  a  compound  of  nitrogen  with  hydmgen.  By 
heating  such  a  mixture  the  oxygen  of  the  nitrous  nnbydride  combines 
with  the  hydiH>geii  of  tlie  amjnonia,  forming  wat^r,  and  gaseous  nitrogen 
is  evolved,  2NH;j  -f  N^jO^  =  SHj^O  H- N^.  Nitrogen  is  procured  by 
tliis  method  in  the  following  manner  :— A  solution  of  caustic  jwtJish  is 
saturated  witli  nitrt>us  anhydride,  by  which  means  potassium  nitrite  is 
formed.  On  the  other  hand,  a  solution  uf  hydrochloric  acid  saturated 
with  ammonia  is  prepared  ;  a  saline  substance  called  sal-ammoniac, 
NH^Ch  i'i  thus  formed  in  the  solution.  The  two  solutions  thus  pre- 
pared are  mixed  togetlier  and  heated.  Reaction  takes  place  according 
til  the  equation  KNO.  +  NH^Cl  =  KCl  +  2K4J  -h  No.  This  reaction 
proceeds  in  virtue  of  the  fact  that  potassium  nitrite  and  ammonium 
chloride  are  salts  which,  on  interchanging  their  metals,  give  potassium 
chloride  and  amniDnium  nitrite,  NH^NO^j  which  breaks  up  into  water 
and  nitrogen.  This  reaction  does  not  take  place  without  the  aid  of 
heat,  but  it  proceeds  very  easily  at  a  moderate  temperature.  Of  the 
resultant  substaneeSj  the  nitrogen  only  is  gaseous,  the  potassiiim  chloride 
is  non-volatilej  and  is  left  behind  in  the  vessel  in  which  the  solutions 
are  heated.  Pure  nitrogen  may  be  obtained  by  drying  the  resulting 
gas  and  passing  it  through  a  solution  of  sulphuric  acid  (to  absorb  a 
certain  quantity  of  ammonia  which  is  evolved  in  the  reaction). 

Nitrogen  is  a  gaseous  substance  which  does  not  much  differ  in 
physical  properties  from  air ;  its  density^  referred  to  hydrogen,  is 
approximately  equal  to  14— that  is,  it  is  slightly  lighter  than  air  ;  one 
litre  of  nitrogen  weighs  1*256  grams.     Nitrogen  mixed  with  oxygen, 


tlie  pire»erice  of  tv  solution  of  aniinonia,  when  it  formis  a  bluinh-violet  tiointion  of  oxide 
of  tiopiier  ill  ttmiiioniu.  Nitro^tio  ih  vt?ry  cAfiily  ivrucured  by  this  mothod,  A  flAsk 
IB  lilled  witlt  copper  Bhaviii«<H  and  closed  with  a  eork  fumirthed  with  a  fnimel  mid  stop- 
cock- A  solution  of  ummoniii.  it*  pourntl  into  the  funnel,  and  cunwed  to  slowly  drop  upon 
the  cop|>L*r.  If  nt  the  Hiurie  time  u  t-urrt'ia  of  air  ht^  Kh>wly  pasM'd  through  th<?  t1ft»k 
(from  a  g^HholderJ^  tliLni  all  tbe  oxypjfii  vif^ill  be  a1btii>rbed  fr«m  it  inul  the  iiitnigeii 
will  pass  from  the  flu.sk.  It  shouhl  bt^  wanhed  with  water  to  retain  any  iuiimoni»  that 
limy  h*i  carriwl  oflf  with  it. 

5  Tho  oxygen  cotiipoundB  of  lutrogtiu  (for  example,  N,jO,  NO,  NO.j)  are  decomjioaed 
at  a  re<l  heiit  by  thenj»tilvei*t  and  under  thw  action  «f  red-hot  copper,  »odiiiin^  il*c.,  they 
give  up  their  oxygen  to  tlie  uietab,  leaving  th«  lutroj^^en  free.  Accordiiiji:  to  Meyer  and 
Laugtr  (1»B5),  nitrous  oxide,  N^O,decompoBeti  below  l*tK>- ,  alUuiUKh  not  completely^  whilst 
the  deeom|>OBition  of  nitric  oxide,  NO,  doeg  liot  ntart  at  V2Q\}\  but  m  comi>lete  at  171X1°, 

*  Chlorine  and  bromine  {in  excet>j*),  as  well  au  bleaching  powder  (liyijocbhiriteftl,  tak« 
up  the  hydrojiifeii  from  ommouia,  NH^,  leiiviii)^'  iiiitrogen.  Nitrogen  it^  best  prnrun^d  from 
ammonia  by  the  action  of  a  aolution  of  sodium  bypobrtjniite  on  sohd  aaUfiiiimuiiiac. 
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which  18  slightly  heavier  than  aii\  forrus  air.  It  is  a  gas  which,  like 
oxygen  and  hydrogen,  is  difficultly  liquehed,  and  but  little  soluble  in 
water  and  other  liquids.  Its  absolute  boiling  point*'  ia  aljout  —  14(P  ; 
above  this  temperatui*e  it  is  not  linuetiable  by  pressure,  and  at  lower 
temperatures  it  remains  a  gas  at  a  pressure  of  50  atraospheres.  Liquid 
nitrogen  boils  at  ^lO^**,  so  that  it  may  be  employed  as  a  source  of  great 
cold,  At  abimt  — 20'^*^,  in  vaporising  under  a  decre-'ise  uf  pressui'e, 
nitrogen  solidifies  into  a  colourless  snow-like  mass.  Nitrogen  does  not 
bum,  does  not  support  combustion,  is  not  absorbed  by  any  of  the  re- 
agenta  used  in  gas  analysis,  at  least  at  the  ordinary  temperature — in  a 
word,  it  presents  a  whole  series  of  negative  chemical  properties  ;  this  b 
expressed  by  saying  that  this  element  has  no  energy  for  combination. 
Although  it  is  capalde  of  forming  compounds  both  with  oxygen  and 
hydrogen  as  well  as  M'it!i  carbon,  yet  these  coiiipotinds  are  only  formed 
under  partit^ular  circumstances,  to  wbicli  we  will  directly  turn  our  atten- 
tion* At  a  red  heat  nitrogen  combines  w^ith  boron ^  titanium,  and  silicon, 
forming  very  stable  nitrogenous  compounds/^  whose  properties  are 
entirely  different  from  those  of  nitrogen  with  hydrc^gen,  oxygen,  aiul 
carbon.  However,  the  combination  of  nitrogen  w^ith  carbon,  although 
it  does  not  take  place  directly  between  the  elements  at  a  red  he*itj  yet 
proceeds  with  comparative  ease  by  heating  a  mixture  of  charcoal  with 
an  alkaline  carbonate,  especially  potassium  carbonate  or  barium  carbo- 
nate, to  redness,  carbo- nitrides  or  cyanides  of  the  metals  l>eing  formed  ; 
for  instance,  K,jC03  +  ^C  +  N.^  =  2KCN  +  300.^ 

Nitrogen  is  fouml  with  oxygen  in  the  air,  but  they  do  not  readily 
combine.  Cavendish,  however,  in  the  last  century,  showed  that  niirotjen 
coTnbifies  with  oxi/fjen  under  ih^  influence  of  a  seried  of  electric  sjmrki. 
Electric  sparks  in  passing  through  a  moist *^  mixture  of  nitrogen  and 
oxygen — for  instance,  through  air — cause  these  elements  to  combine, 


*  See  Chapter  II.  note  W. 

^  Tlie  combiiijitiojj  of  boron  with  nitrogen  is  accompanied  by  the  eyolution  of  anftt* 
cteni  heat  to  raise  the  ma.As  to  redness ;  iit&iiium  combini?»  so  easily  with  nitrogen  that  it 
is  difficult  to  obtain  it  free  from  that  eluiuent.  It  ie  a,  TvmiLrk&hU  mid  instructive  fact 
that  Ihe  comiiound§  of  nitrogen  with  the^e  non-volntile  elementg  are  very  etAblc,  and 
are  themselves  non-volatile.  Probably  in  tliis  caae  the  pbTKical  state  of  the  Buhiii.nce 
with  wbieh  the  nitrogen  contbines,  and  the  tiiUte  in  which  the  nitrogenous  Buhfiiance  is 
cibtalnedf  o viaceit  its  influence.  Thus  carbon  (C  =  12)  with  nitrogen  givee  cyanogen,  C.^Na^ 
which  is  gaseone  and  very  unstable,  &.ndwha»0  mcsltjcalc  is  not  large,  whilst  boron  (B=  11) 
forms  a  nitrogenona  com];)oand  which  is  solid,  non-YolatUe,  and  rery  stahle.  Its  compo- 
sition, BNf  IB  essentially  like  that  of  cyanogen,  bat  its  molecmlar  weight  ia  probably 
greater. 

^  This  reaction,  as  far  as  ia  known,  does  not  proceed  beyond  a  certain  limits  probably 
because  cyanogen,  CN,  itself  breaks  up  into  carbon  and  nitrogen. 

•  Pr^nay  and  Becqoerel  took  dry  air,  and  obaerved  the  formation  of  brown  Tapoon  of 
oxides  of  nitrogen  on  the  passage  of  sparks. 
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forming  reddish-brown  fumes  of  oxides  of  nitrogen,^  which  form  with 
water  a  compound  containing  nitrogen,  oxygen,  and  hydrogen — namely, 
nitric  acid/^  NHOa*  The  presence  of  the  latter  is  easily  recognised,  not 
only  from  its  reddening  litmus  paper,  but  also  from  its  acting  as  a 
powerful  oxidiser  even  of  mercury.  Conditions  similar  to  these  occur  i 
in  nature,  during  a  thunderstorm  or  in  other  electrical  discharges 
accomplished  in  the  atmosphere  ;  whence  it  may  be  understood  that 
air  and  i^ain-water  always  contain  traces  of  nitric  acid." 

Further  observations  showed  that  under  the  inlluence  of  electrical 
discharges,  ^^  silent  as  well  as  with  sparks^  nitrogen  is  able  to  enter  into 

*  If  a  mixture  of  one  volume  of  nitrogen  and  fourtjeen  Tolumeflof  hytlrojgreii  lie  bamt» 
then  wftter  and  u  coiisidemble  quantity  of  miric  mnd  are  farmed.  It  niny  \te  partly  duo 
to  tbifl  Ihiit  u  curtain  f|inintity  ol  nitriu  twid  is  ptrodDced  tii  tho  slow  oxidation  of  nitro- 
gtitjuUK  i!tnl>HitiLii4Le^  in  mii  exeeuH  of  air.  This  \h  eHjieciivlly  fnciUtatt^K]  by  the  prea<enc«  of  ' 
tin  iilkah  with  wJncli  the  nitric  cicid  fonned  (r-nn  rombine.  If  a  (^Ivanit:  current  be  pushed 
through  wrtte^:  containing  the  nitrogen  aod  oxygen  of  the  air  in  Rotution,  then  the  hydro- 
jfeo  and  oxygen  set  free  combine  with  the  nitrogeu,  forming  aiuttioiiiu  luid  nitric  a?id. 

When  copper  is  oxidiwed  iit  the  expeijii4B  of  the  tvir  a-t  the  ordinary  temperature  in  Uie 
prettenee  of  onunuuin,  oxygen  m  absorbed,  not  only  for  toinbLnatioii  with  the  copper,  bat 
also  for  the  Jormrttion  of  nitric  acid. 

The  combination  of  nitrogen  with  oxygen,  even,  for  example^  by  the  action  of  eWtric 
Bparkst  i**  tioi  accompanied  by  an  explosion  or  rii[Md  conibi nation ,  as  in  the  action  of  Himrka 
on  a  mixture  of  oxygen  and  hydrogen.  Tbis  is  ex  plained  by  the  fatt  that  hent  ii»  not  \ 
evolved  in  the  combination  of  nitrogen  with  oxygen,  but  is  abwjrbod— an  eiq^cnditure  of  I 
energy  is  recjuircd,  there  ifA  no  evolntioa  of  energy.  In  fart,  there  will  not  be  tlie  tnLtiB. 
miA^ion  of  heat  from  [*artit  1©  to  particle  which  nccur«  in  the  exploftion  of  detonating  gait. 
Each  fipark  will  aid  the  formation  of  a  certain  qnantity  of  the  compound  of  oxygen  and 
nitrogen,  but  will  not  exc^ite  the  Hame  in  thw  neighlxmring  particIeK.  In  othor  word»,  the 
combination  of  hydrognn  with  oxygen  in  an  exothermal  reiu;tion,  imd  the  combination  ol 
ndtrogen  with  oxygen  an  endothermal  reaction. 

The  conditio II ti  of  tVie  explosion  of  detontitiiig  giiH  if  it   he  in  e^Cf'ft«  ore  etipecially 
conducive  to  the  oxidation  of  nitrogen.     If  a  mixture  of  two  volumes  of  detonating  i^iua 
and  one  volume  of  air  be  exploded,  then  one- tenth  of  the  air  is  con  verted  into  nitric  acid, 
and  conRequently  after  theexploiion  has  taken  place  there  remains  only  ubie-tenthB  of  the 
volame  of  air  originally  taken.     If  a  large  proportion  of  air  l>i*  taken — for  inatjinee^  foiir 
volumes  of  air  to  two  volumes  of  detonating  gas — then  (the  tempernturo  of  tlie  explosion 
is  lowered)  the  volume  of  air  taken  remains  unchanged,  and  no  nitric  acid  is  formed. 
ThiBgireRa  mletobeobiierve^l  in  making  nso  of  the  eudiometer — namely,  that  to  weiikcn  I 
the  force  of  the  oxploaion  not  less  than  an  eqnal  volume  of  air  should  be  added  to  the  ' 
exploHive  mixture.     On  Lhtj  other  hand,  a  large  excess  must  not  be  taken,  as  no  explosion  ' 
would  then  enwue  (wee  Chapter  III.  note  34). 

1^  EeaUy  nitric  oxide,  NO*  ie  firbt  fonned,  but  with  oxygen  and  water  it  gives  (brown 
fumes)  nitrous  anhydride,,  which,  as  we  nliall  afterwrtrdni  leitrn^in  the  presence  of  water  and 
oxygen  gives  nitric  acid.     By  the  lUition  of  a  silent  diHebarge  through  air  both  oxide»  of 
nitrogen  and  ozone  are  fiimuUrtiH*nu»ly  formed ^  but  with  u  feeble  discharge  the  foimatiou  ^ 
of  ozone  continues,  whilst  the  oxides  of  nitrogen  are  not  produced,  by  which  fact  Berthetol  I 
proves  the  abftpnce  of  previous  ozonisation  of  oxygen. 

II  "Xhe  nitric  acid  contained  in  thti  aoil,  stream  water  (Ohapttr  I.  note  2),  wella,  ttc,  ' 
proceeds  (like  carbonic  anhydride)  from  the  oxidation  of  organic  corn^Kmndii  which  Lavo 
fallen  into  water,  fsoil,  tVo. 

i»  This  energetic  faculty  for  reaction  of  nitrogen,  which  onder  normal  eonditians  is 
inactive,  leads  to  the  idea  that  under  the  intluence  of  an  electric  discharge  goaeouft 
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Bumny  reactioii.s  witli  hydrogen  itself  and  with  many  hydrocarlmns ; 

Bb<^lthough  these  rea<;tions  cannot  be  ertected  by  exposure  to  i\  red  heat. 

Thus,  for  instance,  a  series  of  electric  sparks  passed  through  ii  mixture 

I  of  iiiti*ogen  and  hydrogen  causes  them  to  combine  and^brm  ainmonin^^ 
or  nitrogen  hyflridei  NH-,,  composed  of  one  voltime  of  nitrogen  and 
three  volumes  of  hydrogen.  This  combination  is  linuted  to  the  forma- 
tion of  6  per  cent,  of  ammonia,  because  ammonia  is  decomposed, 
itlthough  not  entirely  (j*^)  by  electric  sparks.  This  signities  that 
under  the  action  of  electric  sparks  the  reaction  NH3  =s  N  -t-  3H  is 
reversible,  consequently  it  is  a  dissociatioD,  and  in  it  a  state  of  equili- 
liriom  is  arrived  at.     The  et|uiHbrtum  may  be  destroyed  by  the  addition 

■•of  gaseous  hydrochloric  acid,  HC1|  because  with  ammonia  it  forms  a  solid 
saline  compoundi  sal-ammoniac,  NH^Ol,  which  (being  formed  fiom  a 
gaseous  mixture  of  3H,  N,  and  HCl)  tixes  the  ammonia.  The  re- 
H  maining  mass  of  nitrogen  and  bydrogen,  under  the  action  of  the  sparks, 
H^gain  forms  ammonia,  and  in  this  manner  ftoUd  ficti-ammonutc  tsobUthied 
Hi/)  the  end  61/  the.  action  of  a  aeries  of  ehctric  »jmrk^  on  a  mixture  of 
^i^asemis  N,  H^^  and  HCIJ*  Berthelot  (1876)  showed  that  under  the 
Bjtction  of  a  silent  discharge  many  non- nitrogenous  organic  sub- 
H  stances  (benzene,  Ci.H^;,  cellulose  in  the  form  of  paper,  resin,  glucose, 
H  CftH,(,0,^,  and  othei*s)  absorb  nitrogen  antl  form  complex  nitrogenous 
H  compounds,  which  are  capable,  like  albuminous  substances,  of  evolving 
H  their  nitrogen  as  ammonia  when  heated  with  alkalis. ^^ 

^B  liitmg(*n  cbarifcc^^in  itn  pro|x?rtioH;  if  not  i>BrriniJienUy  like  oxygen  (electrolyaed  oxygen  or 
^H  o£ODi^  doe«  not  react  on  nitrogen,  according  to  Bi^rthclot),  it  muy  bt?  teniponvrily  at  the 
^B  moment  of  the  action  of  thedlBckarge,  ju(*t  tuaftonic  siibHtaiice»  mider  the  aeiion  of  hait  are 
^M  <luT?»il*ly  affected  (that  iw,  when  oiu'tf  ciiaujfed  rtiinaiu  bo — for  ine4tiutc«,  niercurit;  oxide  is 
^^L^daCiCUiipoHecl^  white  phoHphiirUH  imiiku^H  intn  red,  Arc),  whilst  otherH  aru  only  temporarily 
^^■lltted  (the  disMx-iation  of  Sq  into  ^.«  or  of  «^l-ammoniao  into  ammonia  and  hydrochloric 
^Bv0id).  Such  a  proixjsition  is  fttVourt*d  by  the  (act  of  nitrojjfen  givinjf  two  kindis  of  5[?i«ctrA, 
^V  with  which  we  i»hall  afterxvardi^  bc>couie  acquainti^d.  It  may  he  that  the  m^lucule^  N<f 
^H  then  giVB  leK^  complex  moIcctiltiB^  N  containing  one  atoni«  Probahly  nnder  a  silent 
^m  diwchm^d  th«4  molecules  of  oxygen^  O;^,  are  [lartly  decompoaed  and  thu  individuai  atomH 
^^  O  <x»mbine  witli  O.j,  fonning  ozone,  O^. 

^B  *^  TliiH  reaction,  discovered  by  C'habrie  and  inveati^Ated  by  Theuard,  was  only  rightly 
^H  Qod(;r»tiM)d  when  Dt^ville  applied  the  principles  of  dixHOciation  to  it. 

^H  '*  The  action  of  nitrogen  on  acetylene  (Berthelot;  re*«mblei4thiH  reaction.  A  inixtturo 
^■«f  ihe!»«*  gaaea  under  the  inflnence  of  a  silent  disichar>?e  ^fives  hydrtxjyanicacid,  C^H|  +  N.^ 
^M  -^aCNH.  Tliia  reaction  cannot  proceed  beyond  a  certain  limit  hecaa^^e  it  it*  reversible, 
^M  **  B«irthclot  aaci>eft&fully  employed  electricity  of  even  feeblu  isotential  in  these  experi- 
^m  mmitiit  which  fact  led  him  to  think  tbat  in  nature,  where  the  action  of  electricity  take» 
^m  gilnice  very  frequently,  a  part  of  the  complex  nitrogenous  snbstances  may  proceed  frutn 
^B  the  gaseoUB  nitrogem  of  the  air  by  this  method. 

^m  A*  the  nitrogenous  substances  of  orgauismi»  play  A  very  important  port  in  them 
^B  ^tirgiinic  life  cxumot  exist  without  iheui),  and  as  the  liitrogeuous  subfituioes  Introdtioed 
H  inttj  tlie  soil  are  capable  of  invigorating  its  crops  (naturally  in  the  preaence  of  the 
H  ollusr  nourishing  principles  required  by  plantsl,  therefore  the  question  of  the  means 
^M  <if  converting  the  atmospheric  nitrogen  into  tho  nitrogenous  compounds  of  the  soil,  or 
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By  such  and,  it  may  be,  other  similar  indirect  methods  does  gaseous 
nitrogen  yield  its  primary  compounds,  in  which   form  it  enters  into 
plants,  and  is  eIaborat*Mi  in  thein  into  complex  albuminous  substances. 
But^  starting  from  a  given  compound  o£  nitrogen  with  hydrogen  or 
oxygen,  we  may,  without  the  aid  of  organisms,  obtain,  as  will  after- 
wards  be  partially  indicated,  most  diverse  and   cooiplex  nitn»genous 
substances,  which  cannot  by  any  means  Vm?  formed  directly  fx'om  gaseous    ^i 
nitrogen,    Tn  this  we  see  an  example  not  only  of  the  difference  between  ^H 
an  element  in  the  free  state  and  an  intrinsic  element,  but  also  of  those  ^^ 
circuitous  or  utdirect  methoth  by  which  sulist^noes  are  formed  in  nature,         i 
The  discovery,  prognostic4ition,  and,  in  general,  study  of  such  indii'ect  ^H 
methods  of  the  preparation  and  formation  of  substances  forms  one  of  ^^ 
the  existing  problems  of  chemiBtry.     Fr-om  the  fact  that  A  does  not 
act  at  all  oii  B,  it  must  not  be  concluded  that  a  compound  AB  is  not 
to  be  formed.     The  substances  A  and  B  contain  atoms  which  occur  in 
Al^,  but  their  state,  the  nature  of  their  movement  and  union,  may  not 
l>e  at  all  that  which  is  rec^uired  for  the  formation  of  AB,  and  in  this 
substance,  although  it  contains  the  same  elements  in  maSvS  and  quality 
of  them  as  in  A  and  B,  yet  their  chemical  state  may  be  as  different  aa  | 
the  state  of  the  atoms  of  oxygen  in  ozone  and  in  water.     Thus  fi^ee 
nitrogen  is  inactive ;  but  in  its  compounds  it  vevj  eiisily  enters  into 
changes  and  is  flistinguished  by  great  activity.    An  acquaintance  with 
the  compounds  of  nitrf>gen  confirms  this.    But,  before  entering  on  this 
subject,  let  us  consider  air  as  a  mass  contiiiuing  free  nitrogen. 

Judging  from  what  has  been  already  stated  with  respect  to  water,  \ 
oxygen,  ozone,  and  nitrogen,  it  will  \w  evident  that  ahtm»pherio  atr** 

mto  aJtsimflfihle  nitrogeti  capiibl*'  of  being  abf*orbetl  by  plantn  nod  of  forming  coin* 
pliex  (alboniinous)  HtibittanceH  in  tb^m,  forni«  n  mipsititjti  of  jfrc-iit  thtn^rwtiortl  and  prae- 
tii^al   intereiit.     Th*»   artificial   {U*cbiiioftl)  converBion  of  tbe  ntmospbprip   nitro^n  into] 
nitroRenotiB  foiii pounds,  nohvitbHtniiding  rn^t'&ted  trialft,  cniinnt  yet  be  oonf^idered 
fulfilled  ill  ti  practiml,  reinunemtive  maimer,  altbouj^h  ite  posgibility  in  alreftdj  evident,^ 
Electricity  will  probably  aid  in  (udvin^'^tliis  problem  of  gT«3ftt  practical  importatit^e-     WHpH  J 
the  theoretical  side  <jf  tlie  queHtion  in  further  advanced,  then  without  doubt  an  admti. 
iageodu  meAns  will  b«  found  for  the  iuanufacture  of  uitrogenouB  HubKianceH  from  th»4 
nitrogen  of  the  air;  and  this  in  needed,  before  all,  for  tbt^  aj^iculturist,^  to  whom  nitro^ 
geooiiB  f ertiliHerrt  lonn  lui  expenpive  item,  and  are  more  important  than  all  other  miuiiares. 

One  thousand  tons  of  fiinnyard  manure  do  not  generally  cfuitain  more  than  four  tona  j 
ol  nitrogen  in  the  fonn  of  complex  nitrojjenouH  Hubstances,  and  thirt  amount  of  nitrogen  | 
ift  contained  m  twenty  tons  of  aninionium  Hiilpbute,  tbereforo  tb«?  tuition  evinced  by  th« 
nia«A  of  manure  in  respect  to  the  intrcMluction  of  nitrogtni  may  b**  produced  by  RnukU 
qnantitien  of  artificial  nitrogenous  fertiliHerH.      Over  KIOOOO  touts  of  j^fuann  are  unpor 
into  Europe  from  South  America,  becauHe  guano  (the  excrement  of  8e4i  and  other  birdajj 
contaiiiH  many  nitroj<enoUH  oomptmndK  which  are  required  by  tbe  agri<?ulttiriKt, 

1*  Under  the  name  of  atmospheric  air  the  cliemiftt  and  pliyaiciHtunderfttfind  ordinaiyl 
ilr  containing  iiitnjgen  and  nxygen  only,notwitlifitandinK  that  the  other  component  parta 
of  air  have  a  very  importiint  Kignificanc*  for  the  vitality  of  the  earth's  flurfnc«.    That  air 
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contains  a  mixture  of  several  gases  uiml  vapours.  Some  of  Uiem  are 
met  with  in  it  in  nearly  constant  proportions,  whilst  others,  on  the 
<iontrary,  are  very  variable  in  their  amount.  The  chief  comj^Kjnent 
parts  of  air,  placed  in  the  order  of  their  relative  amounts,  are  the 
following  :  nitrogen,  oxygen,  aqueous  vapour,  carbonic  anhydride,  nitric 
aqid,  salts  of  ammonia,  uzone,  hydrogen  peroxide,  and  complex  iiitro- 
genouB substances.  Besides  these,  air  generally  contains  water,  as  spray ^ 
drops,  and  snow,  and  particles  of  solids,  perhaps  of  cosmic  origin  in 
certain  instances  but  in  the  majority  of  cases  proceeding  from  the 
meclianical  translation  of  solid  particles  from  one  locality  to  another  by 
the  wind.  These  small  solid  and  liquid  particles  (having  a  large  sup- 
face  and  little  weight)  liang  in  air  as  solid  matter  hangs  in  turbid 
water;  they  often  settle  on  the  surface  of  the  earth,  but  the  air  is  never 
entirely  free  from  themj  because  they  are  never  in  a  state  of  complete 
re^t.  Then,  air  not  unfrequently  contains  incidental  traces  of  various 
substances,  as  everyone  knows  by  experience.  These  incidental  sub- 
stances sometimes  belong  to  the  order  of  those  which  act  injuriously 
(miasmas),  the  germs  of  lower  organisms  -for  instance,  of  moulds — and 
to  the  cla£s  of  carriers  of  infectious  diseases. 

In  the  air  of  the  divei*se  countries  of  the  earth,  at  different  longitudes 
and  at  different  altitudes  above  its  surface,  on  the  ocean  or  on  the  di"y 
land— in  a  word,  in  the  air  of  most  diverse  localities  of  the  earth — the 
oxygen  and  nitrogen  are  everywhere  in  a  constant  ratio.  This  is, 
moreover,  self-evident  from  the  fact  that  the  air  constantly  diffuses 
(intei'inixes  in  virtue  of  the  internal  movement  of  the  gaseous  ]>article8) 
and  is  put  in  a  state  of  movement  and  intermixed  by  the  wind,  and 
therefore  it  is  equalised  in  its  composition  over  the  entire  surface  of  the 


in  flo  r«)ireiient«d  m  science  ib  haftecl  on  iha  fubct  lliai  oitly  the  tvro  iibove-njimed  oom<» 
pcments  are  met  with  izi  air  in  u  constant  t|iuuLtity,  vrkilat  the  olherH  are  vtuiabk*.  The 
«oUd  impurities  luay  be  He[>&rated  from  txir  required  for  eheuiieal  or  physical  retiearch 
by  wimple  mtration  through  a  long  layer  of  cotton-wool  pliiced  in  a  tube.  Organ  it-'  im* 
pfiriiietii  ai(*  removed  by  puAsing  the  air  tliroQgh  a  solution  of  iiota»«ium  ptfrniaugaiiAte^ 
The  cartximc  anhydride  coutiiined  in  air  ia  ahdorbed  by  alka]ii« — beet  of  allt  soda  liinc, 
trhich  in  a  dry  btttte  in  poroua  Inmps  ab^orbii  ifc  with  exeeediDf^  rapidity  and  comidete- 
ne«a.  Aqueous  vapour  ia  remiwed  by  paaaing  the  air  over  calciuin  chloride,  Btroug  sul- 
phuric acid,  or  phosphoric  anhydride.  Air  tbus  purified  is  accepted  ati  contmniiig  only 
nitrogen  and  oxygen,  although  in  reality  it  still  contains  a  oertnixi  quantity  of  hydrogieii 
luid  hydrocarljous,  from  whi^h  it  may  be  purified  by  pasHing  over  copper  oxide  heat«d  to 
rt*iliifti»«.  The  copper  oxide  then  oxidises  the  hydrogen  iu»d  hydrocarbonfi — it  bums  themt 
forming  water  and  earbouic  anhydride,  which  may  be  renj«jvt»d  an  above  described.  Such 
purified  air  differs  in  many  reispeeta  from  ordinary  air.  Thon,  for  instaueet  it  does  not 
support  phint  life.  When  it  is  »»ud  that,  in  th«  determination  of  the  dennity  of  gases  the 
weight  of  air  ia  taken  ah  unit)',  then  it  is  underHt<Hjd  to  be  such  air,  eontaining  oidy 
nitrogen  and  oxygen.  It  ia  a  htru  ul  Huch  air  that  weighs  l'2kfU  gram^  at  U~'  and  IW  lufUi 
pressure  at  long.  i&^,  and  l*'i9i  grumi>  ut  St.  Petersburg, 
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earth.  In  those  localities  where  the  air  is  subje<!t  to  change,  being  in  a 
more  or  less  enclosed  space^  or,  at  least,  an  unventilated  space,  it  may 
alter  very  considerably  in  its  composition.  For  this  rejison  the  air  of 
dwellings,  cellars,  and  wells,  in  which  there  are  substances  absorbing 
oxygen^  contains  less  of  this  gas,  whilst  the  air  on  the  surface  of 
standing  water,  alwunding  in  the  lower  orders  of  plant  life  evolving 
oxygen,  holds  an  excess  of  this  gaa,*^  The  constant  composition  of 
air  over  the  whole  surface  of  the  earth  has  been  proved  by  a  number 
of  most  careful  researches,^* 


4 


^7  As  a  pronf  M  tlw  fact  thrtt  oertjiiii  oirciim^tiinoes  niftv  acttiiUlyclian^e  the  composi- 
tion of  air,  iL  will  Iw  euough  to  point  out  that  th©  air  eontained  in  the  cavities  ot  gliu'it^ra 
(of  permantnit  motiutHin  i(*<)  contaiiiB  only  up  to  10  p.e.  of  oiygew.  This  dep<?nd»  o«  the 
tact  that  at  low  tf iniiei-alureH  oxygen  i&  iiiueh  more  »oluble  in  snow-water  and  »uow  Ihiui 
nitrogen.  Whpn  Hhaki'n  up  with  watt  r  the  cuinpoBition  of  air  Hhuuld  change,  becaUHe 
the  water  disaolves  an  uiie^pial  quantity  of  ojiygtni  and  nitrogen.  W«  Uavc  t*.hreiwJy  »peD 
(Chapter  I.)  that  the  air  hoiled  off  from  watt! r  wat united  at  about  0"^' contains  abonl  thirty- 
five  volumes  of  oxygen  and  sixty-fiv**  rejlumes  of  nitrogen,  and  we  have  c^naidertHj  the 
reason  of  thiH.  Tt  in  remarkabli*  that  th«  ttolubility  of  oxygen  and  nitrogen  in  wiitcr  de* 
creaneti  «o  uniformly  with  tbwteniperrttiirt  that  tlie  proportion  of  oxygen  and  nitrogen  held 
in  an  acjueouH  Rohition  remains  alinnHt  constant  at  the  inoiit  varied  temperaturen.  Thiset- 
plain«}  the  cirtmntttanco  that  the  air  over  the  sea  (especially  arctic)  is,  a« certain  observers 
have  found,  poorer  in  o^r^gen  than  on  dry  land — the  water  dissolves  more  oxygen  than 
nitrogen.  The  difference  does  not»  however,  exceed  0'8  i>,c.,  andflometimeft  does  not  exi»t. 

^8  The  analyttirt  of  air  by  weight  conducti*d  by  Dumas  and  BounHinganlt  in  Pari*,  and 
which  tbey  repcat^-d  many  timea  between  April  37  and  Septejuber  *22, 1H41^  under  variouft 
conditionH  *>f  weather,  showid  that  the  amount  by  weight  of  oxygen  onJy  varies  between 
2a'8n  p.c,  and  2808  p.c,  the  average  amount  being  2!1()'7  p.c.  Brunner,  at  Bern  in  Bwifjcer- 
land,  and  Brav&is,  at  Faulhom  in  the  Bernese  Alp+t^  at  a  height  of  two  kilometrea  nlmv© 
the  level  of  the  eeiv,  made  analy»efl  of  the  air  at  the  same  neaaon  of  the  year  an  Damati, 
and  found  that  tbecompoKition  of  the  air  at  these  placeB  did  not  exceed  the  limits  deter- 
mined  for  PtvriK,  Marignae  at  Geneva,  Lewy  at  Copenhagen^  and  Stas  at  Bmet^b^ 
confirmed  this.  The  analyHea  of  air  taki^n  from  difTereut  pnrtH  of  the  world*  at  the 
surface  of  the  ocean  and  at  different  heiglittt  above  the  level  of  the  nea,  lead  to  the  con- 
cluflion  that  air  everywhere  contain»  an  equal  amount  of  oxygen,  or  that  if  it  does  viiry 
it  dot!K  wn  within  verj'  inconHiderable  limits. 

Aa  there  in  some  bawin  (which  will  Iw  mentioned  ahortly)  f or  eonaidering  that  the  com* 
penition  of  the  air  at  great  altitudew  is  different  from  that  at  littainflblo  height» — namtdj, 
that  it  is  riclier  in  nitrogen — fleveral  fragmentary  ohnervations  made  at  Munich  and  in 
America  gave  reason  for  thinking  that  in  the  upward  currents  (that  is  in  the  region  of 
minimum  barometric  pressure  or  at  the  centres  of  nieteorologicHl  cych)ne«)  the  air  is 
richer  in  oxygen  than  in  tlie  descending  turrentsof  air  (in  the  regions  of  anticyclones 
or  of  barometrifr  maxima) ;  hut  more  can^fully  coinducted  observations  showed  thin  pro* 
position  Ui  im  incorrect.  Improved  methods  for  theiinnlysis  of  air  have  shown  that  cer- 
tain slight  variations  in  tb«^  compoHition  of  air  do  artuaHy  ficcur,  hut  in  the  first  phtoe 
tbey  depend  on  incideotal  local  inflnencPB  (on  the  pa8?!ag«  of  the  air  over  mountains  and 
largo  Kurfacea  of  water,  regions  of  fnreat  and  vegetation,  and  the  like)^  and  in  the  ftocond 
place  are  limited  by  quantities  winch  are  scarcely  distingnishahle  from  possible  errors  in 
the  unalyRea, 

The  considerations  which  make  one  think  that  the  atmoaphere  at  great  altitudes  con* 
taina  less  oxygen  than  at  the  surface  of  the  earth  are  based  more  particularly  on  the  law 
of  partial  pressures  (pw^ge  Hi).  It  obliges  one  to  consider  that  the  equilibriijm  of  fcliu 
oxygen  in  the  :$trata  of  the  atmosphere  is  not  depemlent  on  the  equilibrium  of  the  niiro-^ 
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The  anafysis  of  air  is  effectol  by  converting  the  oxygen  into  a  non- 
gaseous compound,  so  as  to  separate  it  from  the  air.  The  original 
volume  of  tbe  air  is  tirst  nifasurecl,  and  then  the  volume  of  the  remain- 
ing nitrogen.  The  quantity  of  oxygen  it^  calculated  either  from  the 
difference  between  these  volumes  or  by  the  weight  of  the  oxygen  com- 
pound formed.  All  the  volumetric  measurements  have  to  be  corrected 
for  pressure,  temperature,  and  moisture  (Chapters  I.  ami  II.)*  The 
medium  employed  for  converting  the  oxygen  into  a  non-gaseous  sub- 
stance sliould  enable  its  being  taken  up  from  the  nitrogen  to  the  very 
end  without  evolving  any  gaseous  substa-nce.  So,  for  iiist^mce,'**  a  mix- 
ture of  pyi-ogallol,  C^-Hc.Oa,  and  a  solution  of  a  caustic  alkali  absorbs 
oxygen  with  great  ease  at  the  ordinary  temperature  fthe  solution  turns 
black),  but  it  is  unsui ted  for  accurate  analysis  Ijceause  it  i-equires  an 
aqueous  solution  of  an  alkali,  and  it  alters  the  composition  of  the  air 
by  acting  on  it  as  a  sol  vent. ^*^  However,  for  approximate  determina- 
tions this  simple  method  gives  entirely  satisfactory  results. 

The  determinations  in  a  eudiometer  (Chapter  Til,)  give  much  more 
exact  results,  if  all  the  necessary  corrections  for  rlmnges  of  pressure, 
temperature,  and  moisture  be  taken  into  account.  This  determination 
is  essentially  caiTied  on  as  follows  : — A  certain  amount  of  air  is  intro- 
duced into  the  eudiimieter,  and  its  volume  is  determined.     Then  about 


gien,  And  that  the  variation  in  the  dcmsitiejj  of  hoth  ^fkws  with  the  lieij^ht  in  determined 
bjr  the  pressure  of  eAch  j^a.»  ftepiLrately.  Detiuls  of  the  calculations  and  considiisrattona 
here  involved  are  contained  in  my  work  Chi  Barometric  LtvdHngH,  1876,  jj.  4». 

On  thet  hmi^  of  the  law  of  partial  preRsure  und  of  hi/psonufiricul  foruiulie,  expresHlni^ 
the  laws  of  the  variation  of  predHnreH  at  difiTerent  altitudes,  the  coucIuriou  may  be  deduced 
that  at  the  uppL>r  Htrata  of  the  atinoHphere  the  proportion  of  the  nitrogen  with  respect 
to  the  oxygen  increaaea,  bat  the  increase  will  not  exceed  a  fraction  per  cent>»  even  at 
altitudes  of  four  and  a  half  to  six  milefttthe  greikteat  hi?ight  within  the  reiLcbof  men  either 
by  chmbing  mountains  or  by  meane  of  balloons.  ThiR  concIiiMon  is  conHmied  by  the 
ftiub]y«eft  of  air  collected  by  Welsh  in  England  durinjj  his  (li-ronatitic  ftscents.  The  cjueA- 
tioci  of  the  dialribution  of  g^anea  in  the  upper  strata  of  the  atmosphere  is  of  particular 
importance  for  underutanding  in  what  sUte  the  ^HeoUHor  vaporous  m&aseAoocur  which 
W*  homo  in  space,  and  are  one  of  tbe  elementary  fonnfi  of  the  heavenly  bodiM  (accord- 
ing to  Laplace's  and  Kant's  theory).  I  touch  on  thia  subject  tn  Hpealdng  of  the  origini  of 
naphthn  in  my  work  On  the  Naphtha  Indujffrt/^  187&. 

*•  The  complete  ab9oq)tion  of  the  oxygen  may  be  atiAUiod  by  introducing  moist  phoa- 
phoruft  into  a  definite  volume  *4  air ;  thin  i«  reoogniHed  by  the  fact  of  the  phtTsphoroB 
becoming  non-Iurainoufi  in  the  dark.  The  amount  of  oxygen  may  be  determined  by 
meaBaring  the  volnme  of  nitDTgen  remaining.  This  method^  howe^ijr,  cannot  give  acctl- 
isttt  nwtilt«,  owing  to  a  portion  of  the  air  being  diftaolved  in  the  water;  to  the  conibinattoti 
«i  ■dine  nitrogen  with  oxygen ;  to  the  neceKiiity  of  introducing  and  withdrawing  tlie 
pho6phoniSf  which  riLnnot  be  iiccompli!«thed  without  introducing  bubbles  of  air ;  und  to  the 
nunieroui  correcliont*  of  the  volume  (for  moieture,  temperaltire,  and  prottsurei,  «tc. 

"*  For  rapid  and  approximate  anal y^eii  I eBpeeiallyteohnica]  and  h3'gienic),  imch  a  mix- 
tare  is  very  !$iiitable  for  dv^tennining  the  amount  of  oxygen  in  mixtures  of  ga^a,  from 
which  the  ■nbi$tancef<  ab«orl>ed  by  alkahs  have  tirst  been  removed.  According  to  certain 
obicnrmm,  this  miztme  evolves  a  small  quantity  of  carbonic  cudde  after  ^MOfrbing  oxygen. 
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ail  equal  volame  of  drj  hydmgen  is  pa.ssed  into  the  eudiometer,  and  the 
volume  again  detei-mined.  The  mixture  is  then  exploded,  as  was 
de^scribed  in  the  determination  of  the  composition  of  water.  The 
remaining  volume  of  the  gaseous  mixture  is  again  me^isured  ;  it  will  be 
less  than  the  second  of  the  previously  measured  volumes.  Out  of  three 
volumes  which  have  distippeared,  one  ap|H?rtaini3  to  the  oxygen  and  two 
to  the  hydrogen,  consequently  one- third  of  the  loss  of  volume  indicates 
the  nmount  of  oxygen  held  in  the  air.^^ 

The  most  accurate  method  for  the  analysis  of  air,  and  one  which  is 
accompanied  by  the  least  amount  of  error,  consists  in  the  direct  weigh- 
ing, as  far  i\s  is  fHjssible,  ut  the  oxygen,  nitrogen,  wat^r,  ami  carbonic 


liii! 


^MiMiiii 


"^/       "^Z       "r^Mi^fa/^ 


FiO.  B8.— thinuft  and  fioiudngftult't  appomtufl  for  tbc  analysis  of  tttr  by  wdgbi.  The  (rlobc  B  coDtoint 
10-lfi  lltrea,  Tlie  air  U  flrst  pumper!  out  cif  it,  ami  it  19  wi-iKhetJ  t?mptjr,  Tlie  tube  T  coiinectol 
irlth  it  Lr  ftUed  with  t'ri|Hi4';r,  mid  i*  weif(h(j*1  ctupty,  Jt  is  liwteil  In  a  clWroft]  farnttoe,  Wheu  the 
copper  luw  brcome  nti-hot,  the  «top-c»oclc  r  (ncar'fi)  is  Aii(i,^litly  oji^nf^l.  mid  the  air  Ijhwkih*  tlirnugli 
ttie  Tfitteb  L,  eoutiiiiilnK  u  BOlution  of  |t<it&Hb  :  /,  cuuLitiujiu  «MiUitlnni()i  nnd  i>iec{^  of  cnustin 
potiub,  wtitch  nsinavi'  Ehe  caHwitiie  axshyitrldi!  fnmi  thv  n.ir^  uml  tifeii  tlinju^h  a  auti  /,  cantuiiiitiM' 
eulpburio  ncl'l  t  wlilcli  litvs  liet'U  prt^vlously  tH>Jleil  to  expel  dirwimivc'^'l  air)  au\\  pmuict-vsti^ijc,  whiob 
ninovt*  the  oioirtnre  fTOtii  tlie  air.  Tlie  pure  air  tbLMi  tfivo*  up  it*  oxyjren  to  the  c>t>|«t*'r  iu  T. 
WIit?n  tbu  air  fiasucji  lut/oT  the  Ktof>-«ick  K  of  tlieiarltiN"  H  I*  nimw*],  hud  it  li*3C0i«e«  filiv*!  witjj 
nitroifon,  Wlieji  thi»  i^ir  ctaiBfA  to  flow  in^  the  stf>t>-L'f>cki*  are  cllt»*cHl,  and  the  giob^  l\  aud  tut>e 
T  wef^heiL  The  nStronft'M  (•  theti  i<iimf>c*l  nut  of  the  tul»t\  aw}  h  i*  Wclirlie*!  i^olii.  TIk*  liiorauw 
in  vciiirlit  of  iUv  tulie  fthowa  the  anioiint  of  oiyKeUt  and  the  diffcTeikMi  of  the  s<«<)ind  anil 
third  Wfi^hiuKs  of  the  tube,  with  the  LncreiiJte  Iti  VuLgbt  of  the  globe,  t^ives  the  wet^^ht  of  tbo 
aitrogeu. 

atihydri<le  contained  in  air.  For  this  purpose,  the  air  is  first  passed 
through  an  apparatus  for  retaiiiitig  the  moisture  and  carbonic  an- 
hydride (wfdeh  will  be  considered  presently)^  and  is  then  led  through 


*^  Detailfi  of  eutUDmetrical  antklvHiB  must,  ttB  wan  pointer]  out  iti  Cbai).  III.  note  8S, 
be  bMjkt'd  fur  in  worki*on  atinlyticAl  chemistry.  The  bame  must  be  remarked  in  rtiferencc 
to  the  fitlier  liiialytic^il  iiietbiKlH  mentioned  in  iUm  work.  They  are  only  described  for  UiQ 
■ake  of  ghowing  the  diversity  of  the  moLhods  of  cliemieal  research. 
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tbe,  wliich  is  previously  weighed,  ami  coutMins  shuvings  of  metallic 
copper.  A  long  layer  of  audi  copper  heated  to  redness  absorbs  all 
the  oxygen  from  the  air,  and  leaves  pure  nitrogetj,  whose  weight 
must  be  determined.  This  is  tlone  by  collecting  it  in  a  weighed  and 
^xliausted  globe,  and  the  amount  by  weight  uf  oxygen  is  shown  by  the 
increiise  in  weight  of  the  tube  m  ith  the  copper  after  the  experiment. 

Air  free  from  moisture  and  carbonic  anhydride '^^  contains  23-15 
parts  of  oxygen  and  76*85  of  nitrogen  by  weight,*^  which,  taking  the 
density  of  oxygen  =16  and  of  nitrogen  =14,  gives  the  volumetric 
comfiosiition  of  air  as  2084  volumes  of  oxygen  and  791 6  of  nitrogen/''* 

The  possibility  of  the  composition  of  air  being  altered  by  the  mei*e 
action  of  a  solvent  very  clearly  shows  that  the  component  parts  of  air 
Ai*e  in  a  state  of  mixture,  in  which  any  gases  may  occur ;  they  do  not 
in  this  case  form  a  detinite  compound,  nl though  the  composition  of  the 
atmosphere  does  appear  constant  under  ordinary  conditions.  The  fact 
that  its  composition  varies  under  different  conditions  contirms  the 
truth  uf  this  conclusion,  and  therefore  the  constancy  of  the  comiiosition 
of  air  must  not  \ye  considered  as  in  any  way  dependent  on  the  luiture 
of  the  gases  entering  into  its  composition,  but  only  as  pi-oceeding  from 
cosmic  phenomena  co-opei*ating  towards  this  constancy.  It  must  l>e 
adiaitted,  therefore,  that  tlio  processes  evolving  oxygen,  and  chietly  the 
procesaes  of  the  respiration  of  plantSi  are  of  equal  force  with  those 
processes  which  absorb  oxygen  over  the  entire  surface  of  the  earth*^"* 


**  Air  free  frona  carlmnic  anhydricU^  iiulit^att'n  after  explosion  th*?  presence  of  a 
smiill  qtiiuiiity  of  carbonic  ivuhyiiride,  att  De  Saussiire  remttrkedt  und  uir  free  from  moisture, 
After  being  po^aed  over  red-hot  copper  odde,  seems  invariably  to  contain  a.  smeAi 
quantity  of  water,  ah  BouHsing^wlt  hatt  obieired.  These  obwrvations  cauAe  ono  to  think 
that  jur  always  coiit&ias  a  certain  quantity  of  ^aMMvas  hydrocarbons^  like  moTfib  gas, 
wkiich,  aa  we  bIihII  afterwarda  learn,  ih  evolved  from  the  earthy  mar tiheSt  <-^'c.  Its  amount, 
however,  does  not  exceed  eomc^r  hundredths  of  a  per  cent. 

*'  Tlie  Analyaea  of  air  are  accompanied  by  errors,  and  there  are  variationB  of  compoai- 
tion  iktiftiniDf;  hundredths  per  cent. ;  therefore  tjue  mnat  limit  oneeelf  to  tkm  firat  places 
in  deciuiftiti  in  expressing  the  average  normal  compo»ition  of  aJr. 

•*  The  weight  of  a  litre  of  hydrogen  at  t^'  and  7tMI  imn.  presiiure  ie  0*08958  gram, 
iberefoire  a0*8  litres  of  oxygen  weigh  2ll  tt7  grainp^  and  79*2  litres  of  nitrogen  yiJ*'2«  gramB, 
ivhieh  givee  the  weight  of  a  litre  of  mr  as  r2U14,  inatead  of  l'*iUt).  Tbiii  difference  corre- 
epondiwith  the  possible  errors  of  both  the  analyMis  of  air  and  of  the  other  data  entering 
Into  the  oftlculation. 

•  la  Chapter  III,  note  i,  an  appmximute  calculation  uiado  for  the  determimition  of 
the  amcimit  of  oxygen  in  tlie  entire  alniMfciphere  is  evidently  without  uolid  foundation — 
that  is,  it  may  be  ^uppoHed  that  the  compo4*ition  of  air  viiries  from  time  to  time  when  the 
reUtion  between  vegetation  and  the  processee  tibaorbing  oxygen  rhangeH  ;  but  8uch  u 
supposition  may  be  met  by  an  argument  of  the  following  kind :  the  atmosphere  of  the 
eartli  haa  not,  and  Khould  not  have,  adttiuite  Ibuit,  and  we  have  nlready  Been  |  Chapter  IV, 
note  Hi)}  tliat  there  are  ohnervationA  vonlirmiiig  thii^,  conHc*queutly  ourabnoBphere  should 
vary  in  ita  component  parts  with  tlie  entire  heavenly  Eipace.    If  the  etiuilihrium  now  exist- 

were  destroyed,  it  would  be  rectified  by  means  of  the  immenie  maia  of  rarefied  air 
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Air  always  contains  mow  or  less  inriisture  ^'^and  carbofiic  (tnhydrid^^  , 
pi'oceediiig  from  the  respiration  of  animalH  and  the  combusticm  of  ' 
carbon  and  carlwniferous  compounds.     The  latter  shows  the  propei*ties.  1 


Ftu,  39.— AffparatuA  for  thi^  ah^rptiou  luid 
\rA4ljifj{<  ot  t?Kb&i,  known  ti*,  Llebiir's 
bulbji.  Tlio  gtiA  I'titOTf  /M,  presst-iv  on  the 
atwtirptiire  liqulit,  iu)«l  [>tt.9#Ui»  tntm  m  into 
b,  c,  rf,  ftud  t  cdnneouilviilj,  tviiil  etc^iipes 
thmiigh  / 


Vm.  4u.— 6ei»lcr',*  jjntiiah  bnlb*i,    Tlte  gii4  nil 
Hi  o.  >,u4  itii"i-^  tUriMiuli  nil  ^•lurl.in  .>| 

siiplHtrt. 


of  an  acid  anhydride.     In  order  to  det^ermine  the  anjount  of  carbooio  ' 
anhydride  in  air,  sulistances  are  employed  wliich  absurb  it— namely, 
alkalies  either  in  solution  orsoHrl.     A  solution  of  caustic  potash,  KHO^ 

is  poured  into  light  glass  vessels^  through 
which  the  air  is  passed,  and  the  amount 
of  Cfxrbonic  anhydride  is  determined  by  the 
increase  in  weight  of  the  vessel  But  it  is. 
best  to  ttike  a  solid  porous  alkaline  mass^ 
such  as  soda-lime, ^^  With  a  feeble  current 
of  air  a  layer  of  soda-lime  20  cm.  in  length 
is  sufficient  to  complet<?ly  deprive  the 
air  of  the  carbonic  anhydride  it  con- 
tains, A  series  of  tubes  containing  calcium 


Flu.  4L  TuUl*  for  the  iibiiorptlon  nf 
oarbnuk"  iM?itl.  A  ttwi  of  e<>tt<)ii 
M^iiol  iH  ^iliicoti  iu  the  Uulb  t*i  prtvont 
thi-  (Kiw^ler  uf  suxla-liiuc  bcini? 
caiTi(<i|  i>tr  by  the  jtum.  Tti«  tube 
oiriUlnH  lUHiA'JfuK*  ^MtiE  chJoriilc  of 
calrUiui. 


which  oct'Xirti  in  the  heavenly  ftpace.     If,  for  inBtumoe^ 

the  iLiuount  tii  nxygen  were  cliinitiitihed^  then  it  wuald 

Ijti  re|>ietiiBhtHl  mi  thu  eicpentHj  of  tbc»  oxyifen  pervad. 

inn  the  wpace  of  the  hiniveiiR. 

The  amount  of  moi«tcim  eontnined  iu  the  uir  is  conwidered  in  greater  detfttl  by 

Iihynicfl  and  meteorology,  and  the«uhject  has  heen  mentioned  alxjve,  in  Chapter  I.  notel, 

where  the  m^thfidH  of  HbHorhin^r  nioisturf  from  (raHf  s  were  pi>int«*d  out. 

^  Sodn  lime  i«  prepiLred  in  the  following  nniiirier  :— Unslaked  linit?  muat  be  r«dne«(d  to  » 
fine  powder  nnd  mixed  with  u  ^li^dttly  wjinned  and  very  Htrong  sMilntion  of  cauBtic  eoda.  Tb© 
mlxliig  should  be  done  in  tut  irondiHh,.iud  they  should  be  well  stirrud  together  until  tli«  lime 
beifiiwto  Blftck.  Wlien  the  nnwn  beeonits  hot,  it  hoilH,  swells  up,  and  solidifiea,  forming  a 
poroUHumsft  very  rich  in  alkuli  and  cii[>»ible  of  rthnorhintf  enrbonie  anhydride.  A  lump  of 
e«tiDti€  Hodn  or  jwtawh  pre««nts  a  mutrh  smaller  Hurfuce  ftir  ubiMirption,  and  therefore 
(totK  much  lesn  rapidly.  It  is  necesoar)'  to  plae«  mi  iipimratua  for  fthiM>rbing  water  iktt^sr 
the  apparrttaR  for  abKorhinjr  the  cnrbonic  anhydride^  becaujwj  tlitj  alkali  in  absorbing  iha  , 
Ial(«r  evolves  wiiter. 
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chloride  for  abstirbmg  tlie  moisture  ^^  is  placed  before  the  apparatus  for 
the  absorption  of  the  carljonic  anhydride,  and  a  measured  mass  of  air 
is  caused  to  pass  through  the  whole  apparatus  by  means  of  an  *ispirator. 
In  this  manner  tlie  determination  (if  the  moisture  is  comhiiiecl  with  the 
absorption  of  the  carbonic  acid.  The  an-angement  shown  in  fig,  S^ 
is  such  a  coml)i nation. 

The  amount  of  carbonic  anhydride*^  in  fret'*  air  ia  incomparably 
more  constjint  than  the  amount  of  moisture.  The  avei'age  amount  of 
carbonic  anhydride  in  100  volumes  of  dry  air  is  approximately  ^  j]^  p.c. — 
that  is,  lOOOU  volumes  of  air  contain  about  3  volumes  of  carbonic  anhy- 
dride, most  frequently  about  2*95  voluiiies.  As  the  specitic  gravity  of 
carbonic  anhydride,  referred  to  air  ^1'52,  therefore  lOOparts  by  weight 
of  air  contain  0  015  part  by  w^ei^^ht  of  carbonic  anhydride.  This  quantity 
varies  according  to  the  time  of  year  (more  in  winter),  the  altitude 
above  the  level  of  the  sea  (less  at  high  altitudes),  on  the  proximity  to 
forests  and  tiekls  (less)  or  cities  (greater),  Ac.  But  the  variation  is 
small  and  rarely  exceeds  linnts  of  2i  to  4  ten -thousandths  by  volume*^^ 
As  there  are  many  natuml  local  intiuences  which  either  increiise  the 


*  It  is  evident  tluit  tlit*  tukium  clilnrirle  eniplnyed  for  ttbsojrLiiii^r  the  water  Bhould  be 
(tf'v  from  lime  or  other  iilkuli»  iri  «ird*.^r  tliiit  it  flhomld  ikjI  Ttitttin  carbonic  anhydride.  Bach 
caJrium  cliloridts  may  bepifj'pared  m  the  ftjllu wing  nmnuer.  An  entirely  neutral  Bolntion 
of  calcimzi  chloride  in  prepared  from  lime  and  hydrochloric  Rcid;  it  istheneviiptiriitedfirat 
over  II  wiiier-bath  iind  th»n  over  a  ti^uid-bath  with  great  care.  Wheri  the  Holutionatb&infi 
m  certain  Htrength  u  scum  m  fonnedT  which  Boliditien  on  rvat-4iiiijj  the  tiip.  Thi»  scam  ia 
ooUected,  ».nd  will  be  found  to  he  free  from  caustic  alkfuliH.  It  ia  necesfliiry  in  any  case  to 
ieHt)  it  before  use,  a*  otherwise  &  large  error  may  be  introtluced  into  the  resaHft,  owing  to 
the  pre»ence  of  free  ulkali  ( Unie)>  It  in  better  still  to  paun  carbunie  anhydride  through  the 
tube  containing  the  calcitim  chloride  for  some  time  before  the  experiment,  in  order  Ui 
itaturiite  any  fre>e  alkali  that  may  remain  from  Uie  cletximjxjaitiau  of  a  portion  of  the 
calciom  chloride  by  water,  CaClj  *  SHjO^CaOHjO-haHCl, 

**  Recourse  is  had  to  Hpecial  methodic  when  the  determination  regards  only  the  carbonic 
Anhydride  of  the  air.  For  instance,  it  is  ab^jorbed  by  an  alkali  which  doeti  not  contain 
CttfbonateA  (by  a  acdtition  of  barytii  or  caufttic  soda  minted  with  baryta),  and  then  the 
carbonic  anhydride  is  expelled  by  an  excels  of  an  acid,  and  its  amotint  detennined  by  the 
tnltime  given  off.  During  the  ]sii».t  ten  years  the  quei^tion  an  to  the  anionnt  of  carlxinic 
anhydride  present  in  the  air  ha«  been  p.ubmitted  to  many  voluminous  and  ex*ct  renearcheM, 
^epertally  tho^  of  Heiset^  ^k^hlot^aing.  ^fiiutZf  and  Aubin,  who  showed  that  the  lUnouTtt  of 
carbouie  anhydride  is  not  subject  to  !^nch  variations  aa  wa»  at  first  aappofted  on  the  baaia 
of  incomplete  and  inHufhciently  aeeurate  deter minatiouH, 

^  It  is  a  different  catiie  in  enclosed  spacefi  in  dwelltngi%t<^^ll&^wella,caveH,  andminen^ 
where  the  renewal  of  air  is  hampered.  Under  tbew;  circumfltanoei  large  quantitiea  of 
carbonte  anhydride  may  accumnlttte.  Even  in  citiea,  when?  there  are  many  conditions  for 
the  evnlutionof  carbonic  anhydridf^  i respiration,  dettonif-HiHition,  combuiKtion),  its  amctunt 
is  grater  than  in  free  air,  yet  even  in  »till  weather  the  difference  doe«  not  often  exceed  one 
teH'thotiBandth  (.tliatia,  rarely  attiiinH  4  instead  of  '24  vols,  in  10(KJO  vols,  of  air).  Uundreda 
of  Tcry  careful  comparative  determinations  made  Himnltaneou&ly  around  Paris  and  in 
the  city  it«telf,  and  constant  daily  detemiinvttionH  conducted  at  certain  ineteorologicat 
atatioHH  (for  instance,  at  MontMnurifl',  near  PariH),  eijufirm  tlii«  coucJueion,  On  high 
moantaimi  and  in  deep  valley h,  as  baa  been  proved  in  the  PyreneeA^  the  difference  oC 


1236 


PRINCIPLES   OF  niEMISTllY 


amount  of  uirboiiic  tinliydride  in  tlie  air  (respiration,  combustioii, 
rotting,  volcanic  eruptions,  *kc.),  or  clinniiish  it  (absorption  by  plants 
and  water),  thf^ttifore  the  reason  ot  the  great  constancy  in  the  amount 
of  this  gas  in  air  muijt  b«  looked  for,  in  the  iirat  phice,  in  the  fact  that 
the  wind  mixes  the  air  of  various  localities  together,  and,  in  the  second 
place,  in  tlie  fact  that  the  waters  of  the  ocean,  holding  carbonic  acid  in 
solution,^'  form  ixn  immense  reservoir  for  regulating  the  supply  of  this 
gas  in  the  atmosphere.  As  immediately  the  j>artial  pressure  of  the 
carljonic  anhydride  in  the  air  deereaseSj  the  water  evolves  it,  and  when 
the  partial  pressure  increases,  it  absorbs  it,  nature  consequently  sup- 
plies the  conditions  for  a  natural  mobile  state  of  equilibrium  in  this 
instance,  as  in  a  number  of  others*''^ 

Beyond  nitrogeUj  oxygen^  moisture,  and  carbonic  acid,  all  other  sub- 
stances occurring  in  air  are  found  in  intiuitesimally  small  quantities  by 
weight,  and  therefoi*e  the  itei^hi  of  a  cubic  meatfure  of  air  dependsj  to  a 
«enisible  degree,  on  the  above-named  components  alone.  We  have 
already  mentioned  that  at  0*^  and  760  mm.  pi'essure  the  weight  of  a 
cubic  Jitj^e  of   air  is  l""i93  granis,'*^  the  air  being   understcHxl  to    be 


the  aiiumtit  of  carbonic  anhydride  ini  also  very  hliglit  (at  a  height  it  in,  however^  lt»s8j  us 
would  l>y  uxpiected). 

^^  In  the  sea  lin  well  a«  frenh  water  the  carhciiiio  acid  uocuth  in  two  foritift,  directly 
dissolved  in  the  watifr^  and  combined  with  lime,  tkK  calcium  bicarbonate  (hard  waters 
fioinethiicfi  contain  very  much  ctirbonic  acid  in  this  fonn).  11  the  tension  of  Ww  carbonic 
unltjdride  in  the  finit  form  varies  with  the  teniperatuTe,  and  its  amount  with  the  partial 
preiiHUre^  that  in  the  form  of  acid  Balta  is  under  the  Bame  conditions,  bi5canee  direct 
DXperimentA  have  Bhown  a  Bimtkr  depund^nct)  in  tbia  caae,  although  the  qaozititotive 
relntionB  are  different  in  the  two  ca^es. 

**  In  wtudyiiig  the  pheiiomeim  of  milure  oin*  inevitably  arrives  at  the  idea  that  the 
iiniverBally  reigning  statts  of  mobile  equilibrium  fniins  thechii'f  reaKoii  of  thatliarmoniouB 
order  wbii::h  impresiMen  all  obeervwrii.  It  uot  unfretjiieiitly  hap|M9iiHthat  we  do  tint  see  the 
C(iLisie>*  rei^lutiiii^  thti  order  and  liaiinoDiy  ;  ii;  the  particular  ingtajice  of  carbonic  auhy- 
dridit  it  in  a  Htriking  cirtunitttant^e  tlmt  in  the  firHt  iiiHtaiice  a  Hearcdi  waK  made  for  an 
liiirmoniotiH  ilihI  strict  unifonnity.  and  ini  lucideutrd  (iutiufficiently  accurate  and  fraf^men- 
tary )  obriervutiona  conditionn  were  even  found  for  concluding  it  to  lioabm^nt.  Wlien,  hiter, 
the  rule  of  thiu  unifc)rmity  wai*  continued,  then  the  I'auttee  regulating  Kuth  onl«r  were 
alflio  diftcovened.  The  rt  Hcarchen  of  Bchltjeamg  were  of  thin  character.  Deville'a  idea  of 
the  disflociation:  of  iWi  acid  carlionatcH  of  Headwater  i«  Huggested  in  them,  lii  much  else, 
fvlKO,  n  right  uiiderHtaridiiig  can  only  bp  lotjked  for  in  det*iiiled  investigation. 

^'^  The  difference  of  tiie  weight  ui  a  Htt*^  iif  dry  air  {free  from  carlnjntc  anhydride) at  0^ 
and  70U  mm.,  at  difiTerent  longitudes  and  altitudes,  depends  on  the  fact  that  thit  force  of 
gr«ivityvaneD  under  tlie»e  conditionM,  and  with  itthepresiJ.ure  of  the  baromttrical  column 
alno  varies.  ThiH  ia  treated  in  detail  in  my  wovki^  Oti  tkv  EhistiCitfjof  Gwicn  i\,ud  On 
Jiftrmnftnc  Levellinfjs. 

til  reality  the  weight  ia  not  raeauarod  in  abtiolute  unjt»  of  weight  (in  pre^i^ure — refer 
to  workH  m\  ruechauicH  and  physicK)^  but  in  rehdive  uniti*  (gramH,  ticale  weight**)  whoae 
maH«  i^  one  and  the  »ame,aiid  therefore  tlie  variation  of  the  weight  nf  the  weights  itfielf 
with  the  chiuige  of  gravity  muftt  not  be  hi'^re  taken  into  account,  for  the  mutter  deids  witJt 
weights  proportional  to  tlie  inniiHes,  and  with  a  change  of  locality  the  weight  ol  the  weights 
Yiuiea  aa  the  weight  of  a  given  volume  of  air  doeu. 
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dry  and  fi'ee  from  carbonic  anhydride.  Taking  the  amount  of  the 
latter  as  0*03  per  100  volumes,  we  obtain  a  greater  weight — namely, 
1  000156  times  ^o-eater  (consequently  at  0^^  and  760  mm.,  instead  of 
1-29300  gnims,  the  weight  of  a  litre  wUl  then  he  1 '29319  grams).  The 
weight  of  moist  air  in  wMch  the  tension  ^*  of  the  aqueous  vapour  (par- 
tial pressure)  ^y*mm.,   and  consequently  the  volume  of  vaponr  (it& 

density  referred  to  air  =0-62)  ='.^^    f  the  whole  pressure  of  the  moist 

/  60 

air  ^760  mm.)  is  to  tbe  weight  of  an  equal   volume  of  dry  air  avS 

-^^-  -f  0*62  /^,  or  as  '^^ij^'-^^'^,  is  to  1  ;  that  is,  the  weight  of  air 

contiiining  carhoiiio  anliydride  and  moisture  at  0**  and  760  mm.  pressure 
is  not  1^2930  grams,  hut  this  weight  multiplied  by  1000106  and  by 

I 0*38  f 

—  ^ .     -^^     At  a  pressure  (total)  of  air  of  H  millimetres,  a  temperature 

<,  and  elasticity  of  vapour  J\  the  weight  of  a  litre  of  air  will  lie 
(Le.^  if  at  O"*  and  760  mm.  the  weight  of  dry  air  =.  1*293)  equal   to 


For  instance,  if  H  =  730  mm.,  iJ  =  20% 


1-29319  H^O^/ 

1+0-00367^  ^        760   ^^ 
and  /s  10  mm,  (the   moisture   is  then  slightly  belnw   60  p.c),   the 
weight  of  a  litre  of  air  =  1*1512  gram/"^^ 

The  presence  of  aramonia,  a  compound  of  niti*ogen  and  hydrogen,, 
in  the  aii\  is  indicated  by  the  fact  that  all  acids  exposed  to  the  air  ab- 
sorb ammotiia  f  ronr  it  after  a  time.  De  Saussure  observed  that  aluminium 
sulphate  is  converted  by  air  into  a  double  sulphate  of  nnimoiiium  and 
aluminium,  or  the  so-called  ammonia  alum.  Quantitative  determina- 
tions have  shown  that  the  amount  of  ammonia  ^^'  contained  in  air 
varies  at  different  periods.     However,  it  may  be  accepted  that  100  cubic 

'^^  Thcii  tension  of  the  eu|Deoa$(  vapour  m  the  air  is  deienniDed  by  hygrometerft  omd 
other  Bimtiar  niBihodii,     It  nifty  also  hti  det**rinine(i  by  analyaifi  (»ee  Chapter  I,  note  1). 

*^  In  determining  tlie  weight  of  ttmall  and  hettvy  objetit*i(crncible8,  &c,  in  ojialyaJB^  and 
in  deteriijintng  the  aperiflci  gravitiefl  of  lirpiidH,  tte.)  a  correctkm  may  be  introduced  for 
the  Io89  of  weight  iti  the  uir  of  the  rooui^  by  tiiking  the  weight  of  a  litre  of  air  diflplaced 
0.8  1*3  graiti,  lUid  eon^equently  0'1KU2  gjam  for  every  cabic  centimetre.  Bnt  if  gaaeftoft 
in  general,  lurge  Te««eU  are  weighed,  and  the  weighings  have  to  be  accurate,  it  la  noc/Bs- 
ifljry  to  take  into  account  all  the  data  for  the  detertnlnatictn  of  the  density  of  tlie  air 
(tj  Ht  and/},  beooase  sensitive  halancos  cmi  determine  the  possible  variatione  of  the 
weight  of  air^  as  in  the  case  of  a  litre  the  weit»ht  of  air  varies  in  centigrams,  even  at  a 
oonstotit  tempertttHr*",  with  variation s  of  H  and/.  The  following  method  was  long  ago 
(18&0)  proposed  and  applied  by  me  for  tills  purpooo.  A  large  light  and  doaed  veaael  is 
token,  and  itH  v  oliuiie  arid  w(f  ight  in  a  racuum  are  accurately  determined,  and  verified  from 
time  to  time.  On  weighing  it  we  obtain  the  weight  in  air  of  a  given  density,  and  by  sub* 
tractingthis  weight  from  itn  abKoliite  weight  and  didding  by  its  volume  we  obtain  the 
density  of  the  air. 

^*  Schloefiing  8tudied  the  et^uilibrium  of  the  ammonia  of  the  fttmospliere  and  of  the 
riverSi  mm,  &c.f  and  be  showed  that  its  amount  is  interchangeable  between  them.    The 
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metres  of  air  do  not  contain  less  than  1  and  not  moi-e  tbau  5  niilli- 
graras  of  ammonia.  It  is  remarkable  that  niountaia  air  contains  more 
ammonia  than  tlie  air  of  valleys.  The  air  in  those  places  where  animal 
substances  undergooig  change  are  accumulated,  and  esjiecially  that  of 
stfibles,  genemlly  contains  a  nmch  greater  quantity  of  this  gas.  Thk  is 
the  reason  of  the  peculiar  pungent  smell  noticed  in  such  places.  More- 
over ammonia^  as  we  shall  learn  in  the  following  chapter,  combines  with 
acids,  and  should  therefore  be  found  in  air  as  such  coml>inati(»ns,  as 
air  contains  carbonic  and  nitric  acids. 

The  presence  of  nitric  acid  in  air  is  prnveil  without  doubt  by  the 
fact  that  rain-water  contains  a  .somewhat  cr»nsiderable  an^ount  of 
nitric  acid,  as  we  shall  learn  when  speaking  of  this  acid. 

Further  {as  has  been  mentioned  in  Chapter  IV.),  air  contains  ozone 
and  hydrogen  peroxide/"^' 

Besides  substances  in  a  gaseous  or  vaponms  state, ^'^  there  is  always 
tVmnd  a  more  or  less  considerable  quantity  of  substances  which  are  not 
known  in  a  state  of  vapour.  These  substiinces  are  carried  in  the  air  as 
diinf.  If  a  linen  surface,  moistened  with  an  acid,  be  placed  in  perfectly 
pure  air,  then  the  washings  are  found  to  contain  sodium,  calcium,  iron, 
and  potassium.'*^  Linen  moistened  with  an  alkfili  absorbs  carbonic, 
sulphuric,  phosphoric,  and  hydrochloric  acids.     Further,  the  presence 


ratio  hetween  the  amonnt  of  ftinmonia  in  ft  cubie  metre  of  air  an<!  in  a  litre  of  water  vit 
U  -0004,  lit  10°-0  010j  at  2rj'=O040  to  I,  iwid  therefore  in  imlara  there  ma  «t<ite  of 
equilibruim  in  the  amount  of  &iinnonia  in  the  atmo«jjh*>re  iind  wuteri*, 

"'7  Wliilflt  formed  in  tbeuir»  ozone  and  liydrogen  poroxide  at  the  fiimie  time  rapidly  dis. 
jqifietir  from  it  by  oxidiBing  thoi^e  Bnbstancea  wkieh  are  capable  of  bein^  oxidised.  Owmg 
tothift  inHtiibility  tlifir  aniountK  vary  considerably,  and,  as  would  be  t^ixpf^ct^dtOj^aeiBmet 
with  to  an  ohservablo  anioiint  in  pure  air,  ivhiUt  itn  amount  decreaneB  t*>  isero  in  tlje  lur  of 
lilies,  and  eHperially  indwellinii^Kwherti  there  iua  maximum  of  substances  capable  ol  oxidi- 
Haiion  aiul  a  minimum  of  conditionfi  for  tht?  formation  of  ozone.  Tbere  is  a  caudal  €oniic<^tiotl 
between  the  amount  of  oMue  present  in  the  air  and  its  purity,  that  in,  the  amonnt  of 
foreign  reeiduen  of  orpfunic  ^Hofio  liable  to  oxidation  preHfmt  in  the  air,  Wlier^  there 
ii  mueb  of  Ruch  ri^widuet*  the  amount  of  ozone  most  be  small,  beeiiune  when  in  contact  with 
them  it  oxidiK*,'B  them  and  itficlf  diftappearu.  Fnr  thi»  reaaon  efforts  have  been  made  to 
upply  ozone  for  parifyingf  the  air  by  evolving  it  by  artiJicial  meansi  in  the  atmowphere;  for 
itiittance,  hy  panning  a  series  of  electrical  sparks  through  the  ventilating  pipes  leading  tdt 
into  a  buildinfT.  Air  thus  ozoniHod  destroy s,  oxidisctt — that  is,  hringn  about  the  «om- 
hustion  of — tlie  organic  residueH  pre»enl^  in  tlie  air,  and  thus  will  bervo  for  purif\iiig  it.  For 
ihtiBe  refttwms  tht*  air  of  cities  contains  less  ozone  than  country  air»  THih  f^inna  the  dia- 
tinguiKhing  feature  of  country  air*  However,  aninml  life  cannot  exint  in  air  containing  §, 
comparatively  large  amount  f)f  ozon*?,  jiikI  as  it  cannot  in  an  atnmsphere  of  pure  oxygen* 

^*  AmongiJt  them  we  may  mention  iodine  and  aleohoK  C.^.H,.iO,  which  Miintz  found  to 
be  always  present  in  air,  the  woiUand  water,  although  in  minute  tracer  only. 

^*  A  i»ortion  oi  th*j  atmospheric  duNtis  of  cosmic  origin;  thin  is  ondoubtedly  proved 
by  thn  fact  of  its  eontainiug  metallic  iron,  as  do  meteorites.  Nordennkitild  found  iron  in 
tlu*  dtiHt  covering  auow,  and  Tiaaaudier  in  every  kind  of  air,  although  naltirally  in  very 
vmoll  quantities. 
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of  organic  aubstances  in  air  has  been  proved  by  a  similar  experiment. 
If  a  glaas  globe  be  filled  with  ice  and  placed  in  a  room  where  are  a 
number  of  people,  thea  the  pt*esenee  of  organic  substances,  like  albu- 
niinous  subst^mces,  may  be  pro%'ed  in  the  water  which  cutidense^  on  the 
surface  of  the  globe.  Tt  imij  be  that  the  miasmas  causing  infection  in 
inai*shy  localities,  hospitals,  and  in  epidemic  illoesses  proct?e<l  from  the 
presence  of  such  substances  in  the  air,  as  well  as  from  the  presence 
of  germs  of  lower  orj^ainsms  borne  in  the  air  as  a  minute  dust, 
Pasteur  proved  the  presence  of  stich  germs  in  the  air  by  the  following 
experiment  ;^He  placed  gun-cotton  (pyroxylin )|  which  has  theappear- 
ance  of  ordinary  cotton,  in  a  glass  tube.  Gun-cotton  is  soluble  in  a 
mixture  of  ether  and  alcohol,  forming  the  so-cfdled  collodion,  A  cur- 
rent of  air  was  passed  thi'ough  the  tube  ft>r  a  long  penod  of  time,  and 
the  gun-cotton  was  then  dissolved  in  a  mixture  of  ether  and  alcohol. 
An  insoluble  residue  was  thus  obtained  which  actually  contained  the 
^erms  of  organisms,  as  was  shown  by  microscopical  ol>servations,  and  by 
their  capacity  to  develop  into  organisms  (mould,  *fec,)  under  favourable 
conditions.  The  presence  of  these  geruis  cletermines  the  property  of 
air  of  bringing  about  the  processes  of  rotting  and  fermentation — that 
is,  the  funda mental  alteration  of  organic  substances,  which  is  accom- 
panied by  an  entire  change  in  tiieir  properties.  The  appearance  of 
lower  organisms^  both  vegetable  and  animal,  is  frequently  to  be 
remarked  in  these  prtw:esses.  Thus,  for  inst^ince^  in  the  pinjcess  of  fer- 
nientation,  when,  for  example,  wine  is  procured  from  the  sweet  juice 
of  gi'apes,  a  sediment  separates  out  which  is  known  under  the  name 
of  lees,  and  contains  peculiar  yeast  organisms,  GermH  are  required 
before  these  organisms  can  appear.^^*  They  are  borne  in  the  air,  and  full 
into  such  sul>stfinces  from  it.  Finding  themselves  untier  favourable 
conditions^  the  germs  develop  into  organisms  ;  they  are  nourishetl  at  the 
expense  of  the  organic  substance,  and  during  growth  change  and  destii>y 
it,  and  bring  about  corruption  and  rotting.  This  is  why,  for  instance, 
the  juice  of  the  grape  when  containe<l  in  tlie  skin  of  the  fruit,  which 
allows  access  of  the  air  but  is  impenetrable  t**  the  germs,  does  not  fer- 
ment, drjcs  not  alter  so  long  as  the  skin  remains  intact.  This  Ls  also 
the  reason  why  animal  substances  when  kept  fmm  the  acce^ss  of  air 
may  be  preserved  for  a  great  length  i>f  time,     Consei-ves  for  long  sea 

**  The  irl<Mi  of  the  spontaneoue  grovrtli  of  nr^^uurimt;  in  n  Hiiitjible  medium,  tilthough 
fitill  oph*fld  by  many,  haa  since  the  work  of  Pu.Bt4i!ur  tui<i  liift  Inllowcrs  iaiid  lo  il  i.<«frt&m 
cijttont  of  hid  pr«t(lt.'ceseor8|  been  diacardcid,  becaai^e  it  ha»  been  proved  how,  whutu,  and 
whence  (from  the  air,  wat<?r,  tl'c.)  the  germs  ap^wAr;  tlmt  fenoeTibitiou  ah  w«ll  iw  infec- 
tious di^ie&aeg  cannot  take  place  without  th«m;  and  mainly  beean^jc  it  han  been  i^hown  that 
any  change  accompanied  by  the  development  of  tire  orgaiiiHniH  introduced  may  bo  bruughi 
about  at  will  by  the  intrcMluciioi]  of  the  germii  into  a  suitable  mcsdiom. 
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voyages  are  preserved  in  this  way."*'  Hence  it  is  evident  that  however 
infiiiitesima!  the  quantity  the  germs  carried  in  the  atmosphere  may  be, 
still  they  have  an  immense  sigriificaiice  in  nature.*'^  I 

Thus  we  see  that  air  contains  a  great  variety  of  siibstances.  The  ' 
nitrogen,  which  is  found  in  it  in  the  largest  quantity,  hai?  the  least 
influence  on  those  processes  w^hich  Q,re  accomplished  by  tlte  action  of  air.  i 
The  oxygen,  which  is  met  with  in  a  lesser  quantity  than  the  nitrogeji^ 
on  the  contrary,  tjikes  a  very  important  part  in  a  number  of  reac- 
tions ;  it  supports  combustion  and  respiration,  it  brings  about  corruption 
and  every  ptxKjess  of  slow  oxidation.  The  part  played  by  the  moisture 
of  air  is  known  to  everyone*  The  carbonic  anhydride,  which  is  met 
with  in  stUl  smaller  quantities,  has  an  immense  significance  in  nature, 
inasmuch  as  it  serves  for  the  nourisliment  of  plants.  The  importance 
of  the  ammonia  and  nitric  acid  is  immense,  because  they  are  the  sources 
of  the  idtrogenous  substances  eomprising  an  indispensable  elemeDt 
in  all  living  organisms.  And,  histly^  the  infinitesimal  quantity  of  germa 
evinces  their  signidcance  in  a  number  of  processes.  Thus  it  is  not  the 
quantitative  but  the  qualit4itive  relations  of  the  component  parts  of  the 
atmosphere  which  determine  its  imporUince  in  nature. '*^ 

Air,  being  a  mixture  of  various  substances,  may  suffer  considerable 
changes  in  consequence  of  incidental  circumstances.  It  is  particularly 
important  to  remark  that  change  in  the  composition  of  air  which  ta.kes> 
place  in  dwellings  and  in  various  localities  where  human  beings  have  to 
remain  during  a  lengthy  period  of  time.  The  respiration  of  human 
lieings  and  animals  alters  the  air.^*  A  similar  deterionition  of  air  is 
producefl    by  the  influence  of  decomposing   organic   substances,  and 

*i  In  Ttirther  ecmfirmtttion  of  Uie  fact  that  putrefaction  and  femientatinn  depfnid  ( 
getma  cftrriod  in  tht*  air,  we  luny  citt*  llie  circuuistaMt-B  that  [miHOnouft  Bubatamsea  de- 
stroy iiij?  the  life  of  organ  isms  Httjp  or  luuder  tht*  ajipf*arance  of  the  above  pniceBseB. 
Air  which  has  been  heated  to  rtnlnetiH  or  pasHod  thrcmjijh  ntil phone  at^ id  no  longer  contdkins 
the  peniift  of  organiaras.  and  loftPHthi*  furtilty  of  |>rtKltiein{,'  fermentation  and  putrefaction. 

*^  Theit  pri^Hfrn  e  in  tbo  mr  i»  naturally  due  to  the  diffuHiau  of  gerniii  Into  the  atmo- 
sphere,  and  owing  to  tfieir  microjiLopital  dimenhiona  they,  an  it  were,  hang  in  the  air  in 
virtue  of  their  large  Atirfacea  compared  in  their  weight.     In  Paria  th«  amottnt  of  dust  i 
hanging  in  the  air  equalw  from  6  (after  rjiin)  to  23  ^ama  per  lOOO  cm.  of  air. 

15  We  ftee  ftiniilar  L'a&esi  i*ver>'wherp.  Fur  itxarnplf,  the  predominating  maas  of  MJid 
iind  clay  in  the  soil  takes  hardly  any  Lhuniical  part  in  the  economy  of  tlie  miil  in  t^Bpeci 
Uy  the  nourishment  cif  plantH.  TVie  [dantK  by  their  rcmtfi  Hearch  for  snhatancec^  which  are 
diffused  in  eoinparatively  small  quantities  iu  the  Miil.  If  a  large  quantity  of  theae 
nourishing  BubBtaticeB  be  taken,  then  the  plants  will  notdeTclopin  tbeaoil,  justoaanunala 
die  in  oxygon. 

♦*  A  man  inbreathing  bum«  about  10  j^'ranifs  of  carbon  per  hour — that  is,  he  producea 
about  H«0  grama,  or  (as  1  cm.  of  carbotnc  anhydride  wcijflis  about  flCMJO  grams)  about 
J^  cjm  of  carbfinit:  anhydride.     The  air  coining  from  the  Injic^rt  containii  4  p,c  of  carbonic 
anhydride  by  volume*    The  exhaltnl  air  acta  as  a  direct  poinon,  owing  to  this  gaa  aad  to*  J 
other  impurities. 
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especmlly  of  substances  burniug  in  it.'*'*  Hence  it  is  necessary  to  have 
regai\l  to  the  puriiication  of  the  air  of  dwellings.  The  renewal  of  air, 
the  replacing  of  respired  by  fresh  air,  is  termed  *  ventilation,'  "*^  and  the 


'*^  For  t.hit»  reason  caiHl1e»4,  lunipg,  and  ^vm  cliarigL^  the  compoaiiion  cif  &ir  ahnont  in 
the  snme  way  ah  respiration.  In  the  burning  of  1  kilogram  of  9 U?arm  c*ndlert^  f^U  cuhie 
metres  of  air  are  clmn^ed  tkA  hy  reKpiraLiun — that  iR,  4  px.  of  carboniL'  acid  will  be 
formed  in  this  volume  of  air.  The  respinition  of  animab  and  exbahitionB  from  their  Kkins, 
and  f^specially  from  the  inte»«tiiie  and  the  excrements  and  tli.e  kranaformatinus  taking  place 
in  them,  ^)oi\  the  air  to  a  litill  frreafcer  extent,  becaui^  they  introduce  cither  vohLtile  Aub- 
stancBH  betiiideti  c-arbuuie  aidiydride  iuto  the  air.  At  the  utame  time  that  carbonic  anhy- 
dride is  formed  the  atiiount  of  ojcygen  in  the  air  decreaaeB,  and  con  i^ei}  tie  fitly  the  relatire 
4unount  of  nitroi;en  increusewr  toother  with  which  there  is  noticed  the  appearance  of  ini»a' 
mata  which  «>ccur  in  but  Hmall  quantity,  but  which  are  notieealde  in  padHing  from  fteall 
mv  into  Rpac'e  full  of  Kiich  adulterated  air.  The  rewearcbe^i  of  Schmidt  and  Leblanc  and 
oibera  Ahowtlmtwith  !20  ti  p.c,  of  oxygen  (instead  of  2Hi>  p,c,j,  when  the  diminution  is  due 
to  respiration,  air  alreiidy  l^incomea  noticeably  heavy  and  unfit  for  respiration,  and  that  the 
hetivy  feelintt  eJt[>erienced  in  hqcIi  air  increaMeii  with  h  le»tier  percentage  of  oxyg*^in.  It  ifi 
dlfticult  to  remain  for  a  few  minutes  in  air  containing  I7'ii  p.e,  of  oxygen.  These  obser- 
vations were  chiefly  obtained  by  observations  on  the  *iir  of  different  mines,  at  different 
depths  below  the  nurface.  The  air  of  theatres  and  buildingn  full  of  people  alno  proves  to 
contain  le«B  oxygen  ;  it  was  once  found  that  at  the  end  of  a  theatrical  representivtion  the 
4kir  at  the  atalk  contained  *20'7f*  p.c,  of  oxygen,  whilat  the  air  at  the  upf^er  part  of  the  theatre 
contained  only  20*80  p.c.  The  amount  of  cnrbonic  anhydride  in  the  air  may  be  taken 
a«  a  measure  of  itf^  pnnty  (Petteukofer).  When  it  reaches  1  px.  it  in  very  difEicult  for 
honian  beingw  to  remain  long  in  huch  air,  and  it  Ih  necessAry  to  eet  up  a  vigorous  ventilation 
for  the  removal  of  tlie  u^lulterftted  air.  In  order  to  keep  the  air  in  dwellings  m  a  uniformly 
good  state,  it  i»  nect* esury  to  introduce  at  least  10  cubic  metres  of  fre*h  air  ])er  hour  per 
person.  We  saw  that  a  nnin  exhales  about  ^ve-twelfthe  cubic  metres  of  curhonic  anhy- 
dride per  day.  Accurate  obaervationH  have  shown  that  air  containing  one-t^uth  p.c,  of 
eJLhaled  carbonic  anhydride  (and  couficqiiently  also  a  corresponding  amount  of  the  other 
ftub«tftnccs  evolved  together  with  it)  in  not  yet  felt  as  spoilt;  and  therefore  the  five- twelfth 
onbic  metres  of  carbonic  anhydride  Hhould  be  diluted  with  420  cubic  metreH  of  fresh  air  if 
it  be  desired  to  keep  not  more  than  one-tenth  p.c.  (bj-  volume)  of  carbonic  anhydride 
in  the  air.  Hent^  a  man  requires  4120  cubic  metres  of  air  per  day,  or  18  cubic  metres  per 
hour.  With  tlie  introduction  of  only  10  cubic  metres  of  freiihair  per  perHon,  the  amount 
of  eafbonjc  anhydride  may  reach  one-fifth  p<c.,  and  the  air  will  not  then  be  of  the 
required  fre«Vine«». 

<*  The  rtnttlutiv$t  «f  inhabited  building*  is  mo«t  neceasiu^,  and  ie  even  Indispensable 
in  hiispitals,  scliools,  and  Mmilar  buildings.  In  winter  it  is  carried  on  by  the  so-cttUed 
cftloriflers  or  stoves  henting  the  air  b*rfore  it  enters.  The  best  kind  of  calorifiers  in  this 
teH(H9Ct  are  thone  in  which  the  fre&h  cold  tdt  is  led  through  «.  series  nf  channeb  heated  by 
the  hot  gancs  coming  from  a  stove  In  ventilation,  particularly  during  winter^  care  is  taken 
that  the  incoming  air  ^hall  Ije  moist,  hecanse  in  winter  the  amount  of  moisture  in  the 
air  i»  very  sinalL  Ventilation,  besides  introducing  fresli  air  into  a  dwtjMiug-plac«,  must 
lUso  withdraw  the  air  alrendy  spoilt  by  respiration  and  other  causes — that  is,  it  is  neces* 
9BXJ  to  txuihtrnct  channek  for  the  escai>e  of  the  bad  air,  hewides  those  for  the  introduction 
of  fresh  air.  In  ordinary  dwell ing-placeti.,  where  not  nmny  people  are  congregated,  tiie 
ventilation  is  conduet<etI  by  natural  means,  in  the  heating  by  fires,  through  crevioeii, 
windows,  and  various  orifices  in  walls,  doors,  and  windows*  In  mines,  factories,  and  works 
ventilation  is  of  the  greatest  importance. 

AniuiAl  vitality  may  still  continue  for  a  period  of  several  minutes  in  air  containing  up 

Io90p.c.  of  carlionic  anhydride,  if  the  remaining  70  p*c*  t^jusist  of  ordinary-  air,  hut  respi* 

nfclion  ceases  after  a  certain  time,  and  death  may  even  eiuiue.    The  fia.me  of  a  caudle 

is  extingnifthed  in  an  atmosphere  containing  from  S  to  6  p.c*  of  earboiiic  anhydridei 
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removal  of  impurities  from  the  air  is  called  *  dLsInfectiou.'  *7  Theaccu- 
mulatioo  of  all  kinds  of  impurities  m  the  air  of  dwellings  and  cities  is 
the  reason  why  the  air  of  mountiiins,  forests,  seas,  and  Don-marshy 
localities,  covered  with  vegetation  or  snow^  is  distinguished  for  its  fresh- 
ness, and,  in  all  respects,  beneticiiil  action. 

bat  iLiiimal  vitality  tan  he  suat&ined  in  it  for  ii  somewlmt  long  time,  jilthoagh  iW 
ttfftfct  of  Kuch  air  ik  exeeodiiigly  painful  to  even  the  lower  auiinalft.  There  are  mines  in 
which  tt  lighttnl  candle  eiisilygoefl  out  from  the  exfetwof  ciirbonk  tiniiydride,  hut  in  wliit.*h 
the  miners  btivc^  to  reujain  for  a  long  tim«.  The  propertiea  of  air  imiy  be  eonwiderably 
■ritiatetl  by  th*?  corabuption  of  chiircoal,  wockI^  and  similar  fiubataneefi  in  it,  even  when  it 
contain KH  cQmpftTO.tively  r^mall  amount  of  carbunif  anhydride.  This  doubtless  dep-endei  on 
the  fact  that  ftTtain  ^'a>iuous  Kubstancetii  ojte  fonned  in  Llie  act  of  coTObuution  (carbonic 
oxide,  [ifetyh»ne,  bydni-eyanic  acid,  and  other**)  which  are  po*ii lively  injurious  to  brB&the. 
The  ailioii  of  dmrcoAl  fumes  and  smoke  is  bitted  on  this  fact.  The  ])resencG  of  1  p.c*  ol 
carbonic  oxide  is  deadly  even  to  cold-blooded  auiinaln.  The  air  of  explosive  iiune»,  where 
explosions  are  madeju  known  to  produce  tintate  of  inHeusibilitynt&embling  that  produced 
by  charcoal  fume^.  Deep  w4j11»  and  vaults  not  unfrei|Uently  contain  similar  substancfda^ 
ttnd  their  atmosplierti  ofttm  eatiHes  sulfocation.  The  atmosphfirea  of  ftiich  places  cannot 
b©  tested  by  lowt?ring:  a  lighted  eandfc  into  it,  as  these  jxiiBououB  ganes  would  not  i*xttn> 
gniiib  the  flame.  TIitm  method  only  ftufiices  to  indicate  the  amount  of  t:arl>[>nic  anhydride. 
If  a  candle  keeps  aliglit,  it  signifies  that  tiiere  is  lesH  than  5  p.c.  of  this  gas.  In  dotibtfnl 
cases  it  is  best  to  lnw**r  a  dog  or  other  atiiiual  inttJ  the  air  to  be  tested. 

*^  Different  sotalled  diBinfectantK  are  capable  of  purifying  the  air,  and  of  preventing- 
the  injtmoUH  iw.*tion  of  certain  nf  its  coiuponent**  hy  changing  or  destroying  them.  Din- 
infection  is  especially  neceHsary  in  those  places  where  a  considerable  amount  of  volatile 
Kobstances  are  evolv^-d  into  tlie  air»  and  where  organie  suhHlariccs  are  decqmpoaed ;  for 
iti5t(ince,  in  hospitals,  closetHi.  A'c.  Tbt*  nnmeroutt  dininfeptantK  are  of  the  moat  varie^l 
nature.  They  may  be  divided  into  the  following  chief  categories :  oxiditiing  substanceB* 
antiseptic  nubstance^,  and  ah<3,orhent  subetances.  To  the  oxidising  BUbstanees  used  for 
disinfection  belong  rblorine^  and  various  ^uhetaneos  evolving  it,  because  chlorine  in  the 
presence  of  water  oxidises  the  majority  of  organic  eubstances.  Further^  to  this  cIask 
belong  the  permangajjates  of  the  alkalis,  an  euhstances  easily  oxidising  matterii  dissolved 
in  water ;  these  salts  are  not  rnlatile  like  chlorine,  and  therefore  act  much  more  slowly, 
and  in  a  much  inoix'  limited  nphere.  Antiseptic  substtuices  are  thnst'  which  convert 
organic  suhpitanceH  into  such  as  are  little  prone  to  change,  and  prevent  putrefaction  lUid 
fermentation.  They  niout  probably  kill  tlie  germs  of  organinins  occurring  in  miasmata. 
The  most  important  of  these  substancet^  are  creosote  and  phenol  (carbolic  add),  w^hieli 
occur  m  tar,  and  which  act  in  preserrint?  smoked  meat*  Phenol  is  a  sabstance  httle 
soluble  in  Water,  volatile,  oily,  and  having  the  characteristic  smell  of  smoked  objocta,  Ita 
action  on  animals  in  considerable  quantities  is  injuriooa,  but  in  small  quantities,  used  in 
the  form  of  a  w**ak  solutian,  it  prevents  the  change  of  animal  matter.  The  smell  of 
privies,  which  dc|»endH  on  the  change  of  excr^ mental  matter,  may  be  easily  removed  by 
tmeans  of  chlorine  or  phenol.  SalicyHc  acid,  thymol,  common  tar,  Ac,  are  also  substances 
having  the  name  property.  They  lire  used  in  sfjecial  caseH,  hut  naturally  not  so  generally. 
Absorbent  subKtances  are  of  no  leas  importance  than  the  pix*ceding  two  classes  of  disin. 
fectants,  inasmntli  as  they  act  regularly  and  are  innocnouH.  They  are  snch  substances 
as  absorb  the  odoriferouH  gases  and  vapours  emitted  during  putrefaction,  which  are 
chiefly  ammonia,  sulphuretted  hydrogen,  and  other  volatile?*  compounds.  Ti«  this  cIahb 
belong  charcoal,  certain  salts  of  iron,  gypsum,  salts  of  njagnesia,  and  iuehlike  substances* 
as  well  as  peat,  mould,  and  clay.  Their  emplojTnent  is  profitable,  not  only  for  removing 
the  odour,  but  also  in  the  radical  destrmrtion  of  miasmata,  Tlie  qnestions  both  of  disin. 
fection  and  ventilation  appertain  t^  the  moat  serious  problems  of  commcm  life  and 
hygiene.  These  quesiiouB  are  so  vast  that  we  are  here  able  only  to  give  a  short  outline 
of  their  u&iure. 
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CHAPTER  Yl 

THE   COMPOUNDS    OF   NITROGEN    WITH    nYDROGEN    AND    OXYGEN 


In  t!je  last  chapter  we  saw  that  nitrogen  does  not  immediately  csombitie 
with  hydrogen,  but  that  a  mixture  of  these  gases  in  the  presence  o£ 
hydrochloric  acid  gas,  HCI^  forms  aoimonium  chloridt^,  NH,C1,  on  the 
passage  of  a  series  of  electric 
sparks  J  In  ammoniom  chlo- 
ride, HCl  is  combined  with 
NH.:t,  consequently  N  with 
H3  forms  ammonia.^  Almost 
aU  the  nitrogenous  sub- 
stances  of  plants  and  ani- 
itials  evolve  ammonia  when 
heated  with  an  alkali.  But 
even  without  the  presence 
of  an  alkali  the  majority  of 
nitrogenous  suijstances,  when 
decomposed  or  heated  with  a 
limited  supply  of  air»  evolve 
their  nitrogen,  if  not  entirely, 
at  all  events  pariiaOy,  in 
the  form  of  ammonia.  Thus, 
when  animal  substances  such 
as  skins,  bones,  flesh,  hair,  lioms,  4Jtc.,  are  heated  without  acoesa 
of  air  in  iron  retorts — or,  as  it  is  termed,  are  subjected  to  dry  distil- 

'  The  ammonift  in  the  air,  water,  and  Hoil  proceed  a  from  the  dec^ompoaition  of  the 
oiirogenoaB  Kubstanceti  of  pkntu  and  aninialii,  and  iiIho  probubly  from  the  reduction  of 
&iliMkl(5fl.  Ammonia  is  fUwajn  formed  in  thf?  mating  of  iron,  It«  furttiii.tion  in  ihift  ciwe 
dopondt  in  all  probability  on  th€»  decompoHitinn  of  water*  and  on  the  action  of  t.h«  fajilro* 
gon  t,t  the  moment  of  itn  evolution  on  the  nitric  nxhl  contained  in  the  air  (Clo«»36),  ot  on 
the  formation  of  ammonium  nitrite,  which  takesi  jdace  mid*?r  many  circumBtanDOi^.  The 
eTCvlution  of  rapoura  of  ammonia  compoundH  ii*  M>mctimeA  ob^enred  in  th«  vicinity  of 
vulcanoeB. 

*  If  a  iiilent  discharge  {m  in  the  ozauiaation  of  oxygen),  or  a  serioB  of  electric 
ipwrks  (for  inntance,  tn  a  eudiometer),  be  pAOBed  thioagb  ammoniA  gas,  it  is  deoompoeed 

r2 


Ki«.  43.— The  dry  dtAtlUatiou  of  boue^  on  a  lar^ 

Tlie  buiie^  arn  iMutct)  in  tbe  verticoj  cvUmleri  C  UJ>J»*' 
li  m<.trt,^  hJKh  ond  30  ctMitiaiKrus  in"  dintnct^r).  The 
product4  of  (IJHtiriAtkm  ijuss  tlirou^fh  tl»e  tutx^*  T,  LnU> 
tho  condeufler  B,  aud  retMsiver  F.  Wbon  the  distUlfttjoa 
U  compleieil  the  tnij*  H  i»  ojM.'«e<l,  a»id  tlic  biirui  ixmea 
lire  loodorl  into  truck*  V,  The  roof  M  is  thin  tiiseued, 
and  a  fn-*h  riuatitlty  of  bone^  churgoi  Into  thf  c!>1[nd«n. 
Tile  ammonia  water  1*  preserred,  an*!  fnu^  ui  tl>e  nnv 
ikaratiou  uf  mmnonJaoial  aalt«,  a>»  deMfrlbc-d  iu  thf  follow- 
ing  drawUig. 
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lation,  tliey  decompose*  A  portion  of  the  substances  proceeding 
from  the  decomposition  remains  in  the  retort  and  forms  a  carljonaceous 
resifiue,  whilst  the  other  portion,  in  %'irtue  of  its  volatility,  escapes 
through  the  tube  leading  from  the  retort.  The  vapours  given  off,  on 
cooling,  fomi  a  liquid  which  separates  into  two  layers ;  the  one,  which 
is  oily,  is  composed  of  the  so-called  animal  oils  (oleuju  animale)^  the 
iitherj  an  aqueous  layer,  contains  a  solution  of  ammonia  salts.  If  this 
solution  be  mixed  with  lime  and  heated,  the  lime  takes  up  the  elements 
of  carbonic  acid  from  the  ammonia  salts,  and  ammonia  is  evolved  as  a 
gas.^  In  ancient  times  aoimonia  compounds  were  imported  into  Europe 
from  Egypt^  where  they  were  prepared  from  ihe  soot  obtained  in  the 
employment  of  camels'  dung  as  fuel  in  the  locality  of  the  temple  of 
Jupiter  Amnion  (in  Lybia),  and  therefore  the  salt  obtained  was  called 
'sabammoniacale,'  from  which  the  name  of  ammonia  h  derived.  Now 
ammonia  is  exclusively  obtained,  on  a  large  scale,  either  from  the  products 
of  the  dry  distillation  of  animal  or  vegetable  refuse,  from  urine,  or  from 
the  ammoniacal  liquors  collected  in  the  destructive  distillation  of  coal 


into  nitrogeu  luid  hydrogen.  This  is  a  pkenoinBiion  uF  diB»oci&tion,  a»  w»s  expltiliied  iti  ilie 
preoeding  chaplor,  p.  227.  Therefore,  a.  scries  of  sparks  do  not  totally  decompose  the 
unmonia,  but  leave  a  certaiii  portion  iiiid&oonipos«d.  Que  volamu  of  nitrogen  und  thirec 
volumes  of  hydrogen  are  ohtained  froni  two  volumett  of  {LmmonEa.  The  presence  of  free 
iUnmontn — thiit  is,  iimmoniii  not  combined  with  aeida — in  u  gasor  aquec^us  Siolutiofi  may 
be  recognised  by  its  elrmracteriHtiti  timell.  But  many  ammonia  H4iltM  do  not  |KYHKes8  this 
slQelL  However,  on  the  addition  of  an  alkali  (for  instance,  cauiitic  lime,  potaHh^  or  fioda), 
they  evolve  ammonia  gaH.  enpccially  vvhoii  heated.  The  prenenee  of  ammonia  may  b« 
mode  vitsible  by  introd tuning  a  ftiibstanc^  moiwtened  with  i^trong  hydrochlorie  acid  into 
ite  neighbonrhood.  A  white  rlond.  or  ^"i^ible  white  vapriur,  then  imvkes  its  appearance. 
ThiH  defitindK  on  the  fact  thiit  both  aninn>nia  and  hydrochloric  tmiiL  are  volatile,  and 
on  coming  into  contact  with  ^aidi  otbtir  form  solid  sal-amnioniaCf  NK^Ci,  which  forms  a 
c'lciud.  This  teat  i»  tjaually  mmie  by  dipping  a  glasa  rod  into  hydrochloric  acid,  and 
liolding  it  over  the  veRRcl  from  which  thti  ammonia  is  evolved.  With  small  amounts  of 
ammoiuathi^  test  is,  however,  un  trustworthy,  as  the  white  va(>uur  is  scarcely  observable. 
In  this  case  it  is  bimt  to  take  paper  mfaistened  with  mercuroun  nitrate,  HgNOj.  Thia 
paper  turns  black  in  the  presence  uf  ammonia,  owing  to  th«  fonnation  of  tx  hhick  com- 
potinfl  of  ammonia  with  mercnrouw  oxide.  The  Kmallest  truce§  of  ammonia^  for  instaneeT 
in  river  watt*r»  may  be  discoveretl  by  means  of  the  so-called  Nensler's  reagent,  containing 
a  solution  of  merenric:  chloride  and  potasaium  icNlide,  whith  formn  a  brown  coloration 
or  precipitate  with  the  sraalleHt  fiuantiticft  of  ammonia.  Here  it  will  be  u«efiil  tt>  give  tjito 
tberrao-chemical  data  (in  thoUKiuidrt  of  onitti  of  hoatj,  according  to  Thomseti),  or  the 
quantities  of  heat  evolved  in  the  formatton  of  ammonia  and  its  compounds  in  qnantitiea 
expressed  by  their  formulte,  ThuH^  for  inst4i»noe  (N  +  Hf)  26*7  indicates  tliat  14  gttuns 
of  nitrogen  in  combining  with  3  graiuii  of  hydrogen  develop  suffieient  heat  to  raise  the 
temperature  of  9(V7  kilograms  of  water  1^\  (NH,  +  nHjO)  H'4  (heat  of  solution); 
(NHa,nH.O+HCl,nH,>0)  l'i3j  (N  +  H4  +  CI)  00  «;  (NH,  + HCl)  411). 

^  The  same  lunnionia  water  is  obtained^  although  in  smaller  quantities,  in  the 
dry  distillfttion  of  pkintK  and  of  coal,  which  consiHtK  of  the  remains  of  fossil  plants. 
In  ciU  tbene  cases  the  amniDuia  proceeds*  from  the  destruction  of  the  complex  nitrftgunons 
flubfitanceti  occurring  In  plants  and  animals.  The  ammonia  salts  employed  in  practico 
Are  prepared  by  this  method. 
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for  the  preparation  of  coal  gas.  This  ammomacal  liquor  is  placed  in  & 
retort  with  lime  and  heated  ;  the  ammonia  is  then  evolved  together 
with  steam.*  In  practice,  only  a  small  amount  of  ammonia  is  used  in 
a  free  state — that  is,  in  an  aqueous  solution  ;  the  greater  portion  of  it 
is  converted  into  different  salts  having  technical  uses,  especially  sal- 
ammoniac,  NH^Cl,  and  ammonia  sulphate,  (NH  1)2804.  They  are  saline 
substances  which  are  formed  because  ammonia,  NHj,  combines  with  all 
acids,  HX^  forming  ammonia  salts,  NH|X.     Sal-ammoDiac,  NH|C1,  is 


^t^ 

X 


Fib.  IS  -Mt^ 


liirvv 


-  -nimioft  la  tollltKUl  after  lite 


'u  lute  C**^  mt  tlMi  tb* 
^  V'Alen  tin  fanililimt 


iM»iU  va|iuuf  ut  lai  iLuW  Uie  SiuX  Vtiivdl  ii,  mwtaaiiiirttf  miiti  wliidi  rf*»iiit  tofeof  «f 


a  compound  of  ammonia  with  hydrochloric  acid.  It  b  prepared  by 
passing  the  vapours  of  ammonia  and  water,  evolved,  as  alx»ve  described, 
from  ammoniacal  liquor,  into  an  a^jueous  solution  of  hydrocldoric  acid, 
and  on  evaporating  the  solution  sal-ammoniac  is  obtained  in  the  form 
of  soluble  eryst&ls  ^  resembling  common  salt  in  appearance  and  pro- 


*  The  tedmloal  metibod*  for  the  pre [lAr&tian  of  ammgiii*  wmtov  "id  forllie  i 
of  aamMmitt  from  it,  a<e  M>  »  certain  esUsnt  explaiiied  in  tke  figitntts  ■flcompmying  Ihm 
test. 

*  Usnallj  tlieae  erjvtab  mn  imWiiiM^  bj  baiting  fbem  ia  enuSbUm  or  poll,  when  the 
vrnpcmn  of  mJ*«TT!tnnmiif  ooodepie  oatbe  oold  eoven  afiacfiMl,ia  vlikik  fana  it  ooaiiet 
into  tbeiayidMl. 
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perties.  Ammonia  may  be  very  easily  prepared  yro??i  this  sal-aminoniacy 
NH4CI,  as  from  any  other  ammoniax^l  salt,  by  heating  it  with  lime. 
Calcium  hydroxide,  CaHjOs,  as  an  alkali  takes  up  the  acid  and  sets 
free  the  ammonia,  forming  calcium  chloride,  according  to  the  equation 
2NH4Cl  +  CaH202  =  2H20  +  CaCl2  4-2NH3.  In  this  reaction  the 
ammonia,  as  a  gas,  is  evolved.^ 

Tt  must  be  observed  that  all  the  complex  nitrogenous  substances  of 
plants,  animals,  and  soils  are  decomposed  when  heated  with  an  excess 
of  sulphuric  acid,  the  whole  of  their  nitrogen  being  converted  into 
ammonium  sulphate,  from  which  it  may  be  liberated  by  treatment  with 
an  excess  of  alkali.  This  reaction  is  so  complete  that  it  forms  the 
basis  of  Kjeldahl's  method  for  estimating  the  amount  of  nitrogen  in  its 
compounds. 

Ammonia  is  a  colourless  gas,  resembling  those  with  which  we  are 
already  acquainted  in  its  outward  appearance  but  clearly  distinguish- 
able from  any  other  gas  by  its  very  characteristic  and  strong  smell.  It 
irritates  the  eyes,  and  it  is  positively  impossible  to  inhale  it.  Animals 
die  in  it.  Its  density,  referred  to  hydrogen,  is  8*5  ;  hence  it  is  lighter 
than  air.     It  belongs  to  the  class  of  gases  which  are  easily  liquefied.^ 

^  On  a  small  scale  ammonia  may  be  prepa,red  in  a  glass  flask  by  mixing  equal  parts 
by  weight  of  slacked  lime  and  finely-powdered  sal-ammoniivc,  the  neck  of  the  flask 
being  connected  with  an  arrangement  for  drying  the  gas  obtained.  In  this  instance 
neither  calcium  chloride  nor  sulphuric  acid  can  be  used  for  drying  the  gas,  because 
they  absorb  ammonia,  and  therefore  solid  caustic  potash,  which  is  capable  of  retaining 
the  water,  is  employed.  The  gas  conducting  tube  leading  from  the  desiccating  apparatus 
is  introduced  into  a  mercury  bath,  if  dry  gaseous  ammonia  be  required,  because  water 
cannot  be  employed  in  collecting  ammonia  gas.  Ammonia  was  first  obtained  in  this  dry 
state  by  Priestley,  and  its  composition  was  investigated  by  BerthoUet  at  the  end  of  the 
last  century.  Oxide  of  lead  mixed  with  sal-ammoniac  (Isambert)  evolves  ammonia 
with  still  greater  ease  than  lime.  The  cause  and  process  of  the  decomposition  is  almost 
the  same,  2PbO  +  2NH4Cl  =  Pb.20Cl.^  +  H.^O  +  2NH3.  Lead  oxychloride  is  (probably) 
formed. 

^  This  is  evident  from  the  fact  that  its  absolute  boiling  point  lies  about  + 130°  (Chap. 
II.  Note  29).  Consequently,  it  may  be  liquefied  by  pressure  alone  at  the  ordinary,  and  even 
much  higher,  temperatures.  The  latent  heat  of  evaporation  of  17  parts  by  weight 
of  ammonia  equals  4400  units  of  heat,  and  therefore  liquid  ammonia  may  be  employed 
for  the  production  of  cold.  Strong  aqueous  solutions  of  ammonia,  which  in  parting  with 
their  ammonia  act  in  a  similar  manner,  are  not  unfrequently  employed  for  this  purpose. 
Suppose  a  saturated  solution  of  ammonia  to  be  held  in  a  closed  vessel  furnished  with 
a  receiver.  If  the  lunmoniacal  solution  be  heated,  the  ammonia,  with  a  small  quantity 
of  water,  will  pass  off  from  the  solution,  and  in  accumulating  in  the  apparatus  will 
produce  a  considerable  pressure,  and  will  therefore  liquefy  in  the  cooler  portions  of  the 
receiver.  Hence  liquid  ammonia  will  be  obtained  in  the  receiver.  The  heating  of  the 
vessel  containing  the  aqueous  solution  of  ammonia  is  then  stopped.  After  having  been 
heated  it  contains  only  water,  or  a  solution  poor  in  ammonia.  When  once  it  begins  to  cool, 
the  ammonia  vapours  commence  dissolving  in  it,  the  space  becomes  rarefied,  and  a  rapid 
valorisation  of  the  liquefied  ammonia  left  in  the  receiver  takes  place.  In  evaporating  in 
the  receiver  it  will  cause  the  temperature  in  it  to  fall  considerably,  and  will  itself  pass  into 
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Faraday  employed  the  following  method  for  liquefying  ammonia. 
Ammonia,  when  passed  over  dry  silver  chloride,  AgCl,  is  absorbed  by  it 
to  a  considerable  extent,  especially  at  low  temperatures,^     The  solid 


the  nqcieotts  fiolaiioti.  Iii  tlie  end,  the  siLme  (Ltumoniiica]  if^olation  nti  wa^  origtiitill}*  taken 
i»  re-ohtaioed.  Thus,  in  this  case^  on  beating  the  vessel  the  prei*i*nre  increiines  of  it^1i| 
and  on  cooling  it  dirainishes,  sty  that  here  he«t  directly  replacoH  muchiiiiicnl  work.  This 
is  the  principle  of  the  simplest  forma  of  Carrot  icenmking  imichini^s,  shown  in  fig.  44. 
C  IB  a  voftsel  made  of  boiler  plates  into  wliicli  the  Rat u rated  solntion  of  anunotiia  is 
poured ;  m  ia  a  tube  e<>ndncting  the  ainnionia  VApour  to  the  reoeiver  A*  All  parts  of 
the  lippAraiu^  (should  be  hennetieally  joined  together,  lUid  eboald  be  iible  to  withstand  a 
preMiiure  rujLching  ten  utmogpheres.    The  apparatuii  should  be  freed  from  air,  which 


Kio.  44,— COrr^'H  appomtUA.    Dcsoribed  in  text. 


would  otherwitw  hinder  the  liquefaction  of  the  luimiotiia.  The  prooeafl  is  carried  on  as 
followH : — The  apiuLratun  in  firnt  ito  inclined  that  any  liqnid  remainiug  in  A  may  flow 
into  C4  The  vestal  C  iti  th«ii  phtctad  \i\yon  a  stove  F,  and  heated  until  the  thermometer  t 
indicuteit  a  temjierutnre  of  IliO-'  C,  During  tiiJK  tmm  the  ammonia  hasi  been  expelled  from 
C,  and  haa  liquefied  in  A.  In  order  to  facilitate  the  liquefaction,  the  receiver  A  shoald 
lie  iiuuieriied  in  u  tank  of  water  R  I  nee  the  left-hand  drawing  in  fig«  141.  After  nhoub 
half  an  bour^  when  it  may  be  HUp|>uMdid  tlmt  tba  ammonia  has  been  expelled^  the  fire  is 
removed  from  under  C,  and  this  is  now  immersetl  in  the  tank  of  water  R*  The  wipparnliiJi 
is  represented  in  this  po)«itton  in  the  right-hand  drawing  of  fig.  44.  Tlien  thu  liquefied 
atniiionia  eva[K)rates,  and  paB»ea  over  into  the  water  in  C.  This  causes  the  temperature 
of  A  to  fall  considenibly*  Tim  substance  to  be  refrigerated  ia  placed  in  a  vesHcl  G,  iu  the 
eylindrical  wpoce  inside  the  receiver  A.  The  refrigeration  is  also  kept  on  for  about  half 
on  hour,  oud  with  an  aptHnratus  of  ordinary  dinietisions  (c<mtaining  about  two  litres 
of  oiamonia  -iolutioTil,  five  kilograms  of  iee  ore  produced  by  the  tx>n!4umption  of  one 
kilogram  of  coal.  In  induHtrlal  works  more  complicated  ty)ieH  of  Carr«'*B  machines  are 
employed, 

■*  Below  It'  (according  to  Isambert),  the  compound  AgCUSNHs  is  formed,  and  abovo 
HCP  the  compound  'iAgCbdNHj,    The  teuaion  of  the  ammonia  evolved  from  the  Intinr 
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compound  AgClj^NH^  thus  obtained  is  introduced  into  a  l>ent  tube 

(fig.  45),  whose  open  end  c  is  then  fused  up.     The  compotiiid  is  then 

slightly  heated  at  cty  and  the  ammonia  comes  off,  owing  to  the  easy 

dissoeiation  of  the  compound*     The  other  end  of  the  tube  is  immeraed 

^  in  a  freezing  mixture.     The  pressure  of  the  gas 

coming  ofi;  combined  witli  the  low  temperature 

at   one   end  of    the  tube,    causes   the  ammonia 

c^^  ^       evolved  to  condense  into  a  liquid,  in  which  form 

Fio.  45.  Tivc  ikpiufjictiAn  of  it  collects  at  the  cold  end  of  the  tube.     If   the 

^"^iite'"  r''!m*5.!^^^^^^  heating  l>e  stopped,    the    silver   chloride    again 

l«!S1i.pi^"i1i,Tbi  absorbs  the  ammonia.     In  this  manner,  one  tube 

tbeu  wXum!'*'  """'^  ^  ^*   ^^y  s^^^'<^  ^*'^  repeated  experiments.     Ammonia 

may  also  be  Hf|netied  by  the  ordinary  methods 

— that  is,  V>y  means  of  pumping  dry  annnonia  gas  into  a  i*efrigerated 

spaoe.      Liquefied  ammonia  is  a   colottrle.ss  and  very  mobile   liquid^* 

whose  specific  grfivity  at  0°  is  0'63  (E,  Andreett).     At  the  temperfiture 

{about  —70'^)  given  by  a  mixture  of  liquid  carbonic  aidiyd ride  and  ether, 

liquid  ammonia  crystallises,  and  in  this  form  its  odour  is  feeble,  because 

at  so  low  a  temperature  its  vapour  tensii»u  is  very  inconsiderable.     The 

boiling  point  (at  a  pressure  of  760  mm.)  of  Hquid  anmionia  is  about  —  S^'^* 

Hence  this  temperature  may  be  obtained  at  the  ordinary  pressure  by 

the  evaporation  of  lifpiefied  ammonia. 

Ammonia,    eontainingj  as    it  does,   much    hydrogen,  is   capable  of 
cnntbuHfion  ;  it  does  not,  however,  burn  reguhxrly,  and  sometimes  not 
at  all,  in  the  ordinary  atmospheric  air.     In  pure  oxygen  it  burns  with 
a  greenish -yellow  ilame,'^  forming  waterj  whilst  the  nitrogen  set  free 


BubsUnc4^  IB  <?qual  to  llio  atnioftpheric  pressor©  at  fiH"^,  wbilnt  for  Aj^Cl.sNHj  the 
pre»tiure!i  are  pf|ual  at  ttboiit  '10^ ;  tonst^iitjently,  at  bj^'Jicr  ttMnjitrfttureH  it  i»  greater  tban 
the  fttmo8phen>  preHKiire,  wlj:il»t  at  lower  temreraturea  the  ainiBonia*  being  uhscirbed 
by  the  sil^'er  t!hlf>ride,  fnrmn  thirt  eompound.  Ct)n&ti[uently,  all  tkp  phenomena  of  disso>- 
ciation  are  liere  elt^rtfl)'  to  bi"  observeii. 

'  The  liquefaction  of  ummDnia  may  be  ticcomplished  without  an  innrea^o  of  pr«s«iuri>» 
b)-^  meann  of  refrijjeration  tiloiie,  in  a  cafefully-prepareil  mixtart^  of  ite  atid  calrium 
chloride.  It  mny  even  take  place  in  the  sevenj  frostn  of  a  KoHHian  winter.  The  uppli. 
cation  of  liquid  ammonia  nn  a  motive  power  for  enf^inen  form»  a  problem  which  has  Uy  a. 
certain  extent  been  solved  by  the  French  eiiijineer  Telher. 

10  <pii(.  combuBtion  of  ammonia  in  oxygen  may  be  effected  by  the  aid  of  platinmn. 
A  fimall  qtiantjly  of  an  aqueoiiu  a^ilution  of  ikinrooniH^  containing  about  20  p.o.  of  uTmnonia* 
la  pourBd  into  »i  wido-neclted  beaker  of  about  one  litre  eaparity.  A  gas-eon dmting  tube 
about  10  mm.  in  diameter,  and  Riipplying  oxytjeiJ,  is  immersed  in  the  aqiieouw  suhition  of 
ammonia^  But  before  introfluciiig  the  gaa  an  incande^eent  platiiiuiii  spiral  \h  placed  in 
Uie  beaker ;  tlie  aimnonia  in  the  presence  of  the  platiniiin  ia  oxidised  and  burn&i  wbilHfe 
the  platinum  wire  becoineH  Htill  more  incandescent.  The  ammonia  i»  then  heiited,  and 
the  oxygen  paRsed  into  the  eolation.  The  oxygen,  ah  it  bubbles  of!  from  tlie  aitimouiik 
ftoltition,  earries  off  a  i»art  of  the  ammonia  with  it,  and  thia  mixture  explodea  on  coming 
into  contact  with  the  incandescent  platinniu.     Thin  i»  followed  by  a  certaJB  cooling  effect. 
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gives  its  oxygen  compound  —  that  is,  oxide  of  nitrogen.  The  decompo- 
sition  of  ammonia  into  hydrogen  and  nitrogen  not  only  takes  place  at  a 
red  heat  and  under  the  action  of  electric  sparks,  but  also  by  means  of 
many  oxidising  substances  ;  for  instance,  by  passing  ammonia  through 
a  tube  containing  red-hot  copper  oxide.  The  water  thus  formed  may 
be  collected  by  substances  absorbing  it,  and  the  quantity  of  nitrogen 
may  be  measured  in  a  gaseous  form,  and  thus  the  composition  of 
ammonia  determined.  In  this  manner  it  is  very  easy  to  prove  that 
ammonia  contains  3  parts  by  weight  of  hydrogen  to  14  parts  by 
weight  of  nitrogen  ;  and,  by  volume,  3  vols,  of  hydrogen  and  1  vol.  of 
nitrogen  form  2  vols,  of  ammonia.** 

Ammonia  is  capable  of  combining  with  a  number  of  substances, 
forming,  like  water,  substances  of  various  degrees  of  stability.  It  is 
more  soluble  than  any  other  known  gas,  both  in  water  and  in  many 
aqueous  solutions.  We  have  already  seen,  in  the  first  chapter,  that 
one  volume  of  water,  at  the  ordinary  temperature,  dissolves  about 
700  vols,  of  ammonia  gas.  The  great  solubility  of  ammonia  enables  it 
to  be  always  kept  ready  for  use  in  the  form  of  an  aqueous  solution  ** 
which  is  commercially  known  as  spirits  of  hartshorn.    Ammonia  water 

owing  to  the  combustion  ceasing,  but  after  a  short  interval  this  is,  however,  rencwetl,  bo 
that  one  feeble  explosion  follows  after  another.  During  the  period  of  oxidation  without 
explosion,  white  vajwurs  of  anunonium  nitrite  and  red-brown  vaiwursof  oxides  of  nitrogen 
make  their  appearance,  while  during  the  explosion  there  is  complete  combustion,  and 
consequently  water  and  nitrogen  are  formed. 

**  This  may  be  verified  by  their  densities.  Nitrogen  is  14  times  denser  than  hydro- 
gen, and  ammonia  is  8^  times.  If  8  volumes  of  hydrogen  with  1  volume  of  nitrogen  gave 
4  volumes  of  ammonia,  then  these  4  volumes  would  weigh  17  times  more  than  1  volume 
of  hydrogen  ;  consequently,  1  volume  of  ammonia  would  weigh  4^^  times  lieavier  than  the 
same  volume  of  hydrogen.  But  as  these  4  volumes  only  give  2  volumes  of  ammonia, 
therefore  they  weigh  H^  times  heavier  than  hydrogen,  which  we  find  to  be  actually  the 
case. 

**  Aqueous  solutions  of  ammonia  are  lighter  than  water,  and  at  15°,  taking  water  at 
4°  =  10000,  their  specific  gravity,  as  dependent  on  |>,  or  the  percentage  amount  (by 
weight)  of  ammonia,  is  given  by  the  expression  s  =  9992  — 42'57;  +  0'21p^ ;  for  instance,  with 
10  p.c.  «  =  9587.  If  the  temperature  be  =t°,  but  not  less  than  10°  or  above  20°,  then 
the  expression  (15  — t)  (1*5  f  014/>)  must  be  added  to  the  formula  for  the  specific  gravity. 
Solutions  containing  above  24  p.c.  have  not  been  sufficiently  investigated  in  respect  to 
the  variation  of  their  specific  gravity.  It  is,  however,  easy  to  obtain  more  concentrated 
solutions,  and  at  0^  solutions  approaching  NH5,H,.0  (48'G  p.c.  NH3)  in  their  coniiM)sition, 
and  of  sp.  gr.  0*85,  may  be  prepared.  But  such  solutions  give  up  the  bulk  of  their 
ammonia  at  the  ordinary*  temperature,  so  that  more  than  24  p.c.  NH5  is  rarely  contained 
in  solution.  Ammoniacal  solutions  containing  a  considerable  amount  of  ammonia  give 
ice-like  crystals  at  temperatures  far  below  0°  (for  instance,  an  8  p.c.  solution  at  — 14'\  tlie 
strongest  solutions  at  —  48' )  which  seem  to  contain  anmionia.  The  whole  of  the  annnonia 
may  be  expelled  from  a  solution  by  heating,  even  at  a  comparatively  low  teniperature ; 
therefore,  in  heating  aqueous  solutions  containing  ammonia  a  very  strong  solution  of 
ammonia  is  obtained  in  the  distillate.  Alcohol,  ether,  and  many  other  liquids  are  also 
capable  of  dissolving  ammonia.    Solutions  of  ammonia,  wheu  exposed  to  the  atmosphere, 
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18  contmually  evolving  ammoniacal  vapour,  and  so  has  the  characteristic" 
smell  of  ammonia  itself.     It  is  a  very  characteristic  and  important  fact 
that  ammonia  has  an  alkaline  reaction,  and  colours  litmus  paper  blue,  i 
just  like  caustic  potash  or  lime  ;  it  is  therefore  someti^nes  called  ca^^^i^j 
timinonm  (volatUe  alkali),     Acids  may  he  saturated  by  ammonia  water  | 
or  gas  in  exactly  the  same  way  as  by  any  other  alkaH*     In  so  doing, 
afiummia  combiner  dtrectli/  with  acids,  and  this  forms  the  most  essentiid 
chemical  reaction  of  this  substance.     If  sulphuric,  nitric,  acetic,  or  any  J 

give  off  Apart  of  their  ammonia,  iii  aecordanco  with  the  lawB  of  the  Bohition  of  gases  inM 
liquids  alroiidy  consiiderod  by  us.     But  th<?  EiniiiioniAcal  eoluiioiiA  at   the   same   tiiii«1 
ahworb  carbonic  iinhydridle  from  the  nir^  and  tunnionioin  carbonate  riMuaio^  in  the  ftolu- 
tioii,  I 

Solattona  of  ammonia  ar«  roquired  hotb  in  the  laboratory  and  in  practice,  and  have  I 
therefore  to  be  frequently  iirepared.  For  thia  purj)otie  the  arrangement  shown  in  fig.  inl 
18  employed  in  the  litlKiratory.  lii  worlcB  the  same  arrangement  is  nned,  only  on  a  larg«rl 
scale  (with  eftrtheiiware  or  raelallie  vefiftolH).    The  gHU  is  prepared  in  the  retort*  from] 


Ftu,  40,— Ai'iiarutns  f<>r  i.irejjtiruig  tjuhitiun**  nf  unmujiiia. 


whence  it  is   h*d  into  the  two-nerkod  globe  A,  and  then  through  a  werien  of  Woiilie*|j 
IwttleH,  B,  C,  D,  E.     The  impnritiPK  wpnrling  nver  coUeet  in  A,  tuid  the  gas  w  diBAolvQ 
in  B,  but  thft  Mjlution   soon  becomeH   sitturated^  and  a  jnirtir  (waHhi^l)  aiiimonio  paH» 
over  into  the  following  veHt^elK^  in  which  only  a  pnre  s<ikition  is  nbtnined.     The  beu 
funnel  tube  in  the  retort  preservew  the  a|>purtLttiH  from  the  poHsibility  both  of  tlu?  prvA 
sure  of  tho  g&d  evolved  in  it  becoiuint^  tort  ^^reat  (uheri  the  ^aa  eucape^  tlirougb  it  ini 
the  air),  and  also  from  the  prefiNure  incidcnt^^lly  falhng  tioo  low  (for  instance,  owing  to  i 
cooling  effect^  or  from  the  reacLton  Htoppipg).     If  tliiti  taketi  place,  the  uir  ptiJi^en  intf>  tlt( 
retort,  otherwiwre  the  lifiuid  from  B  wotihl  be  drawn  into  A.     The  safety  tubef*  in  f*a 
Woulfe'ti  iKattle*  oiTC^n  at  both  tjinds,  and  immersed  in  the  liquid^  jjervefor  the  !*ame  pur|>08( 
Without  them,  in  ca>**+  of  an  accidentiil  stoppage  in  the  ©volution  of  «io  soluble  a  jfa»i 
ammonia^  the  Kohition  wonld  be  Hucked  from  one  vessel  to  anotiier — for  instance  from  ] 
into  Df  A:c.     In  order  t<:»  elearly  see  the  neeetfuity  of  the  saftiy  tuhfn  in  atraa  apparatufl 
it  mnst  be  coaftidered  tliat  the  gfinrous  pressure  in  the  interior  of  the  arrangement  mut 
exceed  tile  attnoi^pherie  pre^iNurc  by   the  height  of  the  sum  of  the  colunLtis  oi  ]ic|ui4 
tkrotigh  whiieh  the  gas  liaa  to  pass, 
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other  acid  be  brought  into  contact  with  ammonia  it  absorbs  it,  and  in 
so  doing  evolves  a  large  amount  of  heat  and  forms  a  compound  having 
all  the  properties  of  a  salt.  Tlius,  for  example,  sulphuric  acid,  H3SO4, 
in  absorbing  ammonia,  forms  (on  evaporating  the  solution)  two  salts, 
according  to  the  relative  quantities  of  ammonia  and  acid.  One  salt  is 
formed  from  NHj  +  HjSO^,  and  consequently  has  the  composition 
NH5SO4,  and  the  other  is  formed  from  2NH3  +  H2SO4,  and  its  composi- 
tion is  therefore  N2H8SO4.  The  former  has  an  acid  reaction  and  the 
latter  a  neutral  reaction,  and  they  are  called  respectively  acid  ammonium 
sulphate  (ammonium  hydrogen  sulphate),  and  normal  ammonium  sul- 
phate, or  simply  ammonium  sulphate.  The  same  takes  place  in  the 
action  of  all  other  acids  ;  but  certain  of  them  are  able  to  form  normal 
ammonium  salts  only,  whilst  others  give  both  acid  and  normal  ammonium 
salts.  This  depends  on  the  nature  of  the  acid  and  not  on  the  ammonia, 
as  we  shall  afterwards  see.  Ammonium  salts  are  very  similar  in  appear- 
ance and  in  many  of  their  properties  to  metallic  salts  ;  for  instance, 
sodium  chloride,  or  table  salt,  resembles  sal-ammoniac,  or  ammonium 
chloride,  not  only  in  its  outward  appearance  but  even  in  crystalline 
form,  in  its  property  of  giving  precipitates  with  silver  salts,  in  its  solu- 
bility in  water,  and  in  its  evolving  hydrochloric  acid^when  heated  with 
sulphuric  acid — in  a  word,  a  most  perfect  analogy  is  to  be  remarked 
in  an  entire  series  of  reactions.  An  analogy  in  composition  is  seen 
if  sal-ammoniac,  NH4CI,  be  contrasted  with  table  salt,  XaCl ;  and  the 
ammonium  hydrogen  sulphate,  NH4HSO4,  with  the  sodium  hydrogen 
sulphate,  NaHS04 ;  or  ammonium  nitrate,  NH4NO3,  with  sodium  nitrate, 
NaNOj.'^  It  is  seen,  on  comparing  the  above  compounds,  that  the  part 
which  sodium  takes  in  the  sodium  salts  is  played  in  ammonium  salts  by 
a  group  NH4,  which  is  called  ammonium.  If  table  salt,  as  the  product 
obtained  by  the  action  of  caustic  soda  or  sodium  hydroxide  on  hydro- 

^^  The  analogy  between  the  ammonium  and  sodium  salts  might  seem  to  be  destroyed 
by  the  fact  that  the  latter  are  formed  from  the  alkali  or  oxide  and  an  acid,  with  the  sepa- 
ration of  water,  whilst  the  ammonium  salts  are  directly  formed  from  ammonia  and  an 
acid,  without  the  separation  of  water  ;  but  the  analogy  is  restored  if  we  compare  soda  to 
ammonia  water,  and  liken  caustic  soda  to  a  comppund  of  ammonia  with  water.  Tlien  the 
very  preparation  of  ammonia  salts  from  such  a  hydrate  of  ammonia  will  completely  re- 
semble the  preparation  of  sodium  salts  from  soda.  We  may  cite  as  an  example  the  action 
of  hydrochloric  acid  on  both  substances. 

NaHO  +  HCl  =     HjO     +        NaCl 

So<lium  hydroxide        Hydrochloric  acid        Water  Table  salt. 

NH4HO  +  HCl  «     H^O       +       NH4CI 

Ammonium  liydroxido        Hydrochloric  acid        Water        Sal-ammoniac. 

Just  as  in  soda  the  hydroxyl  or  aqueous  radicle  OH  is  replaced  by  clilorine,  so  it  is  in 
ammonia  hydrate. 
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chloric  acicl,  be  called  *  socluim  chloride/  then  sal-ammoniac,  hs  thr* 
product  obtained  from  caustic  ammonia  or  ammonium  hydroxide,  is 
called  *  ammonium  chloride.* 

The  hypothesis  that  rimmoniacal  aalts  correspond  with  a  complex 
metal  ammonium  bears  the  name  of  the  ammonium  titeori/.  It  waa 
enunciated  by  the  famous  Swedish  chemist  Berzelius  after  the  proposi- 
tion made  by  Ampere,  The  analogy  admitted  between  ammonium  and 
metals  is  probal)le,  owing  to  the  fact  that  mercury  is  able  to  form  an 
amalgam  with  ammonium  similar  to  that  which  it  forms  with  sodium  or 
many  other  uK^tals.  Tlie  oidy  difference  between  ammonium  amalgam 
and  sodium  amal^iam  consists  in  the  instabiHty  of  the  amtnoniuoi,  which 
easily  decomposes  into  aumionia  and  hydrogen.'^  Anvmonium  amalgam 
may  be  prepared  from  sodium  amalgam.  If  the  latter  be  shaken  up 
with  a  strong  solution  of  siil -ammoniac,  the  mercury  swells  up  violently 
and  loses  its  mobility  while  preserving  its  metallic  appearance.  In  so 
doing,  the  mercury  dissolves  ammonium — that  is,  the  sodium  in  thej 
mercury  is  replaced  by  the  anu«onium,  and  replaces  it  in  the  sal- 
ammoniac,  forming  sodium  chloride,  NH,C1  +  ItgNa^  NaCl-f  HgNH  |. 
Naturally,  ammonium  amalgam  does  not  entirely  prove  the  existenc 
of  ammonium  itself  in  a  separ-ate  state  ;  but  it  shows  the  possibility  of 
this  substance  existing,  ami,  what  is  more  iuiportant,  its  anah»gy  with 
the  met4ils,  because  otdy  metals  dissolve  in  mercury,  forming  compounds  j 
termed  *  amalgams/ without  altering  its  metallic  fornn^^  Ammonium 
amalgam  crystidHses  in  cubes,  three  times  heavier  than  water ;  it  is 
only  stabh?  in  the  cold,  and  particularly  at  very  low  temperatures.  It 
begins  to  decompose  at  the  orclinary  temperature,  evolving  ammonia 
and  hydrogen  in  the  proportion  of  two  volumes  of  ammonia  and  one 


•**  Weyl,  by  working  &t  oonflideruble  preaisuirei*,  obtained  the  t-ompound  NHjK,  i 
Hum  ammoninru  iLHifclf — by  tlie  aotiott  of  B<U-aitiiMnnii4c  oti  iIiib  Hubstiiiice — in  the  (onn  of 
a  bliiiu  li^juid,  but  his  re<»e&rcheH  require  coufirtniitton.  Ammonium  amtilgiim  was  arigi-^ 
nally  ti]>t<uuef1  in  exactly  the  avume  way  as  iBodlinm  amalgam  (Dftvy) ;  namely,  a  piece  < 
t^lanimrttiloc  w*irt  taken,  and  moiBtened  with  wat^r  (in  order  to  render  it  a  conduct 
of  electricity)*  A  cavity  was  made  in  it,  into  which  mercury  wa»  poured,  (Uid  it 
WAS  laid  on  a  ttlieet  at  plniinom  rtmium'tt'd  with  the  ponitive  pole  of  a  galvanic  bftttery^^ 
while  the  negative  jjoTe  wrth  pot  into  einnieetion  with  the  mercury.  On  paPHing  a  eiirrenlFl 
the  mercurj"  luereafted  coriHidt^rnhly  in  vohimet  and  became  plastic,  while  preKerving  it.«l 
metallic  appearance,  juMt  us  won  hi  bw  the  oaMe  were  the  nal- ammoniac  replaced  by  a, 
lump  of  a  soflium  bait  or  (if  mitny  other  metak.  In  the  analorrotiB  decom|m»ition  of 
common  metallic  miltM.  the  metal  cnntained  in  a  given  ii*alt  separates  out  at  the  ncgfttiv 
pole,  iinnHtr^ed  in  merijury,  by  which  the  metal  ib  disaolved.  A  Rimilar  phenomenon 
observed  in  the  ca^e  of  t^al- ammoniac  ;  the  elemetitw  of  ammonium,  NH|,  in  tliia  case  tu 
also  collected  in  the  mercury,  iind  are  retained  by  it  for  ii  certain  time. 

**  It  would  jieem  that  hydrogen  is  alno  capable  of  forming  an  amalgam  rei^etnbhng  tbo  j 
ainalgaui  of  aminonium.   If  an  anuilgiun  of  zinc  be  shaken  up  with  an  aqneoun  stilution  ot 
phttintim  chloride,  withont  acre«»  of  air*  then  a  tit»ougy  mass  is  formed  which  «^iudl; 
decompoJtaa,  w;th  the  evolution  of  hydrogen. 
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volume  of  hydrogen,  NH|  — NH;i-fH.  By  the  action  of  water, 
ammonium  auKiliuMm  gives  hydrogen  and  iimraonia  water,  just  as 
sodium  amolgaiij  gives  bydrogen  and  sodium  liydntxide;  and  therefore, 
in  accordance  with  the  aramonium  tlieory,  ammonia  water  must  be 
looked  on  as  containing  ammotiium  hydroxide,  NH^OH,*^  just  as  an 
aqueous  solution  of  sodiutti  hydroxide  contains  NaOH.  The  ammonium 
hydroxide,  like  ammonium  itself,  is  an  unstable  substance,  which  easily 
dissociates,  and  wbicli  can  only  exist  in  a  free  state  at  low  tempera- 
turesJ^  OrcliQary  solutions  of  ammonia  must  lie  looked  on  as  tlje 
products  of  the  dissociation  of  this  hydroxide,  inasmuch  as  NH^OH 
=  NH.,-|-H50.  The  liability  to  a  greater  or  less  decomposition  is 
proper,  in  the  same  degree,  to  subsUmces  containing  NII3  as  to 
substances  containing  water, 

Alt  aminoniacal  salts  decompoRe  at  a  red  he* it  into  ammonia  and  an 
acid,  which,  on  cooling  in  contact  with  each  other,  recomliine  tc^gether. 
If  the  acid  be  non-volatile,  the  ammoniacal  salt,  when  heated,  evolves 
the  ammonia,  leaving  the  non-volatile  acid  i>ehind  ;  if  the  acid  be  vola- 
tile, then,  on  heating,  both  the  acid  and  ammonia  volatibse  together, 
and  on  cooling  i^e-combine  into  the  salt  which  originally  served  for  the 
formation  of  their  vapours,'** 

Ammonia  is  not  only  capable  of  combining  with  acids,  but  also 
with  many  salts,  as  was  seen  from  its  forming  definite  compounds, 
AgCbSNH^  and  2AgCl,3NHj,  with  silver  chloride.  So,  also,  am- 
monia is  alisorbed  by  the  chlorine,  iodine,  and  bromine  compounds 
of  many  metals,  and  in  so  doing  evolves  heat.     Certain  of  these  com- 

**  We  saw  abovo  timt  th<?  solubility  of  ii.mjnoui4  in  water  at  low  iemperatureft 
iittiuiifl  to  tbo  iDolectilar  ratio  NH5  +  H  ^O,  in  virhicb  \Xwmg  HubHtances  are  contained  in 
CAOBtic  ammonia^  and  perhaps  it  may  be  pONsible  at  «xceedint»ly  low  iemperatu rvA  to 
obtain  aniiuomum  hydroxide,  NH^HO,  in  a  solid  foiiii.  By  regiirding  solotionfi.  aet  diiso- 
ciaUid  definite  compounds,  we  shoold  see  a  confirm«iti*m  of  this  view  in  the  prop€»rty 
aliown  by  onunonia  of  being  extremiily  soluble  in  water,  and  in  tm  doing  of  approaching 
to  the  limit  NH^HO. 

*^  In  confirmation  of  the  truth  of  this  conclusion  we  may  cite  the  remarkable  fact 
that  ib«ro  exiwt,  in  a  free  state  and  aji  comparatively  BtaLle  comfiouedis,  a  ti^rien  of  alka- 
line hydroxidesi  NRiHO^  which  are  perfectly  tinalogoui*  to  ammonium  hydroxide,  Jind 
present  a  rtiriking  reftembliujce  to  it  tuul  tt>  i*rtdium  hydroxide,  witli  the  only  diflfercnce 
ibat  the  hydrog^eii  in  NH|HO  m  replaced  by  c<implex  groups,  R  — CH3,  Cilij,  d'c*,  for 
iiwtanee  NicHj^^HO. 

i'<  The  fact  thiit  amnioniacal  Baits  are  decomi^oBed  when  ignit«d,  and  not  almply 
BUiblimed,  may  be  proved  by  a  direct  experiment  with  Bal-aininoniac,  NHjCK  which  in  & 
iitate  of  vapour  ii»  decompost'd  into  ammonia,  NHj.  and  hydrochloric  arid,  HCl,  as  will 
b«  citplained  in  the  following  chapter.  The  readinetifl  with  which  aimnonium  ^altsdecom- 
poae  in  »eon  from  the  fact  that  u  solution  of  ammonium  oxalate  ii»  decompoBed  witli  the 
evolution  of  aininouia  even  at  —1'*  Dilute  solutions  of  ammonium  soltB^  when  boiled, 
give  aqueous  vapour,  having  an  aUcaline  reactiovi,  owing  to  the  presence  of  free  ammonia 
giren  ofl  itom  the  salt. 
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pounds  part  with  their  ammonia  even  when  left  exposed  to  the  air»  but 
others  only  do  so  at  a  red  heat ;  many  give  up  their  ammonia  when 
dissolved,  whilst  others  dissolve  without  deeonipositioti^  and  when 
evaporated  separate  £rtun  their  solutions  unchanged.  All  these  facts 
only  indicate  that  ammoniacal,  like  aqueous,  compcmnds  dissociate  with 
greater  or  lesser  facility. ^^*  Certain  metallic  oxides  also  absorb  ammonia 
and  are  dissolved  in  ammonia  water.  Such  are,  for  inst^neej  the  oxides 
of  zinc,  nickel,  copper,  and  many  others  ;  the  majority  of  sueh  compounds 
are  unstable.  The  property  of  ammonia  of  combining  with  the  oxides 
of  certain  uietals  explains  its  action  on  certaiu  metals;'-*'  For  this 
reason,  copper  vessels  are  not  suitable  for  holding  liquids  containing 
ammonia.     Iron  is  not  acted  on  by  such  liqiiids* 

The  relation  of  ammonia  and  water  to  salts  and  other  substances 
hecomes  especially  clear  in  the  case  when  the  salt  is  capable  of  cojnbining 
with  both  ammonia  and  water.  Take,  for  example,  copper  sulphate, 
CuSO^.  As  we  saw  in  Chapter  I.^  it  gives  with  water  blue  crystals, 
CuSO^,5H.jO  ;  but  it  also  absorbs  ammonia  in  the  s^ime  molecular 
proportion,  forming  a  blue  substance,  Cii80„5NII.i,  and  therefore  the 
ammonia  combining  wutb  salts  may  be  termed  ammonia  o/ciystallisation, 

Sueh  are  tlie  reftctioni*  of  contblnation  proper  t-o  njiimonia.  Let  us 
now  turn  our  attention  to  the  reactions  of  substitution  proper  to  this 
substance.  If  ammonia  be  passed  through  a  heated  tube  containing 
metEdlic  potassium,  then  liydrogen  is  evolve<l,  and  a  compound  is 
obtained  containing  ammonia  in  which  one  atom  of  hydrogen  is  re- 
placed by  ati  atom  of  potassium,  NH^K  (jvccording  to  tlje  equation 
NH3  -h  K  =  N  H.jK  +  H).  Til  is  btxly  is  termed  potassamide.  We  shall 
afterwards  see  that  inline  and  chlorine  are  also  capable  of  directly 
disf>lacing  hydrogen  from  ammonia,  and  of  replacing  it  ;  we  shall  also 
Bee  that  in  hydrocyanic  acid,  NCH,  carbon  has  replaced  hydrogen. 
Hence  the  hydrogen  of  amnnmia  may  be  replaced  in  many  ways  by 
different  elements.  If  in  so  doing  NII^  remains,  the  result^^nt  sub- 
stances are  called  amuleHf  if  only  NH  hnidfifij  and  tliose  in  which  the 
whole  of  the  hydrogen  is  displaced  are  termed  nitride's.  It  may  be 
imagined  that  the  albuminous  subst^inces^ — that  is,  the  complex  organic 

^^  IiMunbcsH  i^tndied  the  disBoeiation  of  ammoniocal  oompoundH,  aR  Wf^  have  v^en  it) 
Noie  8t  atid  be  Hibowed  tbiit  nt  low  tt^mpenttiireB  mfli,tiy  flolte  are  ubie  to  cotiibine  with  m 
&till  greifctBr  amount  of  Ammonia,  whicb  proves  an  entire  analogy  with  iiquvrniK  com- 
pounds ;  and  as  iu  tliifi  eatie  it  is  etts}^  to  iMjiate  tbe  definite  compoandHt  '>^<^id  an  ibo  leiist 
pOisibW  tenRioM  of  auiiuoina  la  greati^r  tbiLn  thtil  of  water;,  therefort*  tbn  aminoniaca] 
coniiMJUndi*  presfiit  a  great  and  peculiar  inttrt?Ht,  botb  as  a  mean^  for  expljiiniDg  tbe 
nature  of  iwiti©on»  f*olution»,  and  an  a  coufinnatioii  of  tbe  coneeptioii  of  tbe  formation  of 
definite  conipijundH  in  tbtqn;  for  tb<^»e  reaaouA  we  shall  frequently  turn  to  these  com- 
poimde  in  tbe  further  evpoBition  of  this  work. 

»  Chapter  V.  Note  2. 
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substances  which  we  have  m1  ready  harl  occasion  to  mention— are  the 
amide  coiijp<.)unds  correspiniding  witli  sfLccharine  sabstatiees.  The  most 
importfttit  point  to  he  remarked  is  that  in  t!ie  action  of  different 
substances  on  amiuoniii  it  is  the  hi/drof^en  fJuii  w  mthstitttlaci ;  the 
reactions  proceed  at  the  expense  of  the  hydrogen  and  not  of  the 
nitrogBD,  which  remainB  in  the  resultant  compound,  so  to  say,  un- 
touched. The  same  is  to  oVjserved  in  the  action  of  various  subattkncea 
on  water.  In  the  majority  of  cases  the  reactions  of  water  consist  in 
the  hydrogen  being  evolved,  and  in  its  being  replaced  by  difTerent 
elements.  The  same  takes  place,  as  we  have  seen,  in  acids,  in  which 
the  hydrogen  is  easily  displaced  by  metals.  This  chemical  mobility  of 
hydrogen  is  distinctly  connected  with  the  great  lightness  of  the  atoms 
of  this  element* 

In  chemical  practice'-*^  ammonia  is  often  employed,  not  only  for 
saturating  acids,  but  also  for  accomplishing  reactions  of  double 
decomposition  with  sjilts,  and  especially  in  separating  insoluble  basic 
hydroxides  from  soluble  salts.  Let  MHO  stand  for  an  insoluble  basic 
hydroxide,  and  HX  for  an  acid.  The  salt  formed  by  them  w^ill  have  a 
c*>m position  MHO  -h  XH  -  HjO=MX.  If  aqueous  ammonia,  N  H4  0ir, 
be  addefl  to  a  solution  of  this  salt,  then  the  ammonia  wiH  change 

'*  In  pntetic«>  the  upplicatiotis  of  ammoDiaare  very  varied.  Tlie  use  of  amizioma  a»  a. 
BtitDUlant^  in  the  foriuB  of  the  Ro-cttllGd  *  smelling  aalta '  or  of  apiritn  of  hartshoni,  in  caaoh 
of  fiimtnesa^  i,tc.,  ih  ktumu  to  everyone*  The  volatile  carbonate  of  iwnmoniiun^  or  a 
miiEture  of  au  airimouiuiu  nali  witb  au&lkiili,  ih  alao  emplojed  for  IIub  |)Qr|>OAe.  Aincuoniu 
also  produi'tiH  ii  wi^U-knowu  stimulating  effect  whv.n  rubbed  on  the  skin,  for  wkiclt  reiLHon 
it  is  Bomctimfi*  tuitploy^fd  for  outward  upplicationR,  Thus,  for  inHtiirjci?,  the  weO-known 
Yolatite  aalve  in  prepariMl  from  any  hijuid  oil  shaken  up  with  a  Bolntion  of  azumonla.  A 
porttcm  of  the  oil  i**  thiihi  traiiBforrned  into  a  fioapy  buVj  stance.  The  Kolubility  of  greai^y 
Bobstances  in  aniinonii^  which  proceeda  from  the  fommtion  both  of  emnlHiooR  and  ftoaps;. 
explains  itsuae  in  i*xtractiT»g  grease  Bpot».  It  if*  alno  einploye<l  as  an  externikl  application 
for  HtingH  from  in»octBt  a»d  for  bites  from  poJHonous  ADakeB,  and  in  general  in  inedieine*. 
It  is  al«»  remarkable  Diat  in  canes  of  dronkenneHa  afewdropa  of  ammonia  in  water  taken 
internally  rapidly  rendern  a  person  aober.  A  large  quantity  of  aminaiiia  in  tised  in 
dyeing,  either  for  the  wolntion  of  certain  dyes —for  example,  cannine^ — or  for  iibaiiging 
the  ttnt«  of  otlK^ri*,  t>>'  *?!««  for  neutraliwing  the  action  of  acids.  It  ia  also  employed  in 
ihu  inaunfauture  of  ortitiLial  pearb.  For  thig  pnrpoae  the  »mall  BcaJeii  of  a  pecnliajr 
■mull  fiah  &remix<:Hl  with  ammnniiL,  and  the  liquid  so  obtained  la  blown  into  small  hollow 
^iw  beads,  shaped  like  pearls. 

In  nature  and  the  arts,  howeser,  the  ammonium  galtft.  not  free  ammonia,  are  moat 
frequently  employed.  In  this  form  a  portion  of  that  nitrogen  which  ia  neoeHsary  for  the 
formation  of  albnminouH  sobatances  u  §uppUcd  to  pl^iHt*.  Owing  to  thia,  a  lai^ 
quantity  of  aiumonium  tiulpbAie  ia  now  employed  as  a  fertilising  substance.  But  the  aome 
part  may  be  fulliiled  by  nitre,  or  by  animal  refuse,  which  in  putrefjring  gives  ammoiiiai. 
The  nitre  of  the  Koil  i:^  forme<l  from  these  ammonia -giving  subsTtances,  because  nitragan 
in  combination  with  hydrogen  is  easily  conTerted  into  oxygen  compounds  of  nitrogen,  as 
we  ahall  afterwardu  se**.  For  this,  reason,  if  an  ammoniacal  (hydrogen)  compound  be 
introduced  into  the  soil  in  the  spring,  it  will  be  converted  into  a  nitrate  (oxygen  salt) 
in  the  aummer. 
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places  with  the  metal  M  and  thus  funii  tbe  insolulile  hnsie  hydroxide, 
or,  as  it  is  said,  give  a  precipitate.  The  mechanism  of  this  double 
decomposition  is  as  follows  :  — 

MX        +        NH,(OH)      =      NH,X       +      MHO 

Salt  of  tbe  metal.        AqueooH  amiiionta.        ^\jTiiu4»Diuiii  Ptiili.        Bu«ie  Ivvdrau*. 


Ill  Htjlutton. 


In  &o!titiijti. 


In  ftolution. 


In  precipitikio. 


Thus,  for  instance,  if  nque*>us  ammonia  is  addexl  to  a  solution  of  a 
salt  of  aluminium,  Al,  then  hydrous  alumina  is  separated  out  as  a 
colourless  gelatinous  precipitate*^^ 

In  order  to  graBp  the  relation  between  ammonia  and  the  oxygen  I 
compounds  of  nitrogen  it  is  necessary  to  recognise  the  general  law  qfu 
Huhsfitution^  applicable  to  all  cases  of  substitution  between  elements, ^^ 
an<l  therefore  showing  what  may  be  the  cases  of  substitution  between 
oxygen  and  hydrogen  as  component  pfirts  of  water.  The  law  of  sub- 
stitution may  Ije  deduced  from  mechanical  principle's  if  tlio  molecule  be 
conceived  as  a  system  of  eleiBcntary  attjms  occurring  in  a  certain 
chemical  and  mechanical  etjuilibrium*  By  likejiing  tlie  molecule  to  a 
system  of  bodies  in  a  state  of  motion -^for  instance^  to  the  sum  total  of 
the  sun,  phmets,  and  satellites,  occurring  in  conditions  of  mobile  equi- 
librium— then  we  sliould  expect  tlie  action  of  one  part,  in  this  system, 
to  he  e(|ual  and  opposite  to  the  other,  according  to  Newton's  third  law 
of  mecbi'inics.  Hence,  being  given  a  molecule  of  a  compound,  for 
instance,  II^O,  NHj,  NaCl,  HCl,  iSec,,  then  its  every  two  parts  must 
in  a  chemical  respect  represent  something  alike  in  force  and  capacities^ 
and  therefore  ev^ry  two  parts  iulo  wlorh  a  hiohcule  of  a  compound  may 
he  divided  tire  ca^yalfe  of  replacing  each  oth^r.  In  ortler  that  the  appli- 
cation  of  the  law  shouhl  become  clear,  it  is  evident  that  among  com- 

**  As  e(?rt<tln  ba«i'-'  liydrii.tt'K  form  pcculirkr  compounds  with  dniUKmia^  in  wime  c&ftes 
H  happctiK  tlijit  the  firrtt  portionw  of  amiiiQiiia  adili^il  ton  wjlutiojj  of  a  tjalt  prodiicc-B  »i  pn;- 
oipiiate,  whilst  i\m  lulilition  of  ii  fresh  quoutity  of  ainiiionia  dii^Holveti  tliiH  precipitntv  if 
the  iinimoiiiiwal  t'ofiipoiUKl  of  the  biiae  be  noluhk'  in  water.  Thirty  for  ex(lmplL^  tftkeif 
place  with  the  copper  isalts. 

*^  AVlieii  the  el«»rfi«>nt  chlorine^  as  we  sImU  nfterwiu^dB  more  fully  hj^krii,  repUcei*  the 
element  hydro^ttn,  then  tbe  reaction  bj  which  such  ivii  exchange  i&  at:ooui|iHshecl  pro- 
ceiHlii  iirt  A  ttiihfititutioii,  AH-fCb  =  ACl  +  HCl,  ao  thAt  two  HuhMtmiccs,  AH  nud  chlorine* 
react  ou  cttt'h  otht:''T,  and  two  (itibfttanceB^  ACl  and  HCl,  are  fonned;  lind  further,  two 
aioleculo^  relict  on  each  other,  and  two  others  are  fonjied,  Th«*  reaction  prorj^edti 
very  eaiiilyj  but  the  »4uhHtitution  of  one  element^  A,  by  anotherj  X,  do<;»  not  always  pro* 
ceed  with  nnch  eane,  clearness,  or  Bimplicitj.  The  ^ubtitltution  botwiteD  oxyg«n  M,Dd 
hydrogen  is  very  rarely  accomplisheii  by  th«  ttction  of  the  fi-ee  eiementfl,  but  the  utibsti^ 
tutiun  between  the«e  elertientH,  one  for  linother,  foniiii  the  ruost  cuitiniott  case  of  oxidation 
and  redut'tiou.  In  upt^aking  of  the  liiw  of  wuhHtitntioii,  I  have  in  view  thp  auhi*litution 
of  the  element&  one  by  another,  and  not  the  dire^it  leaclion  of  Aubr^titution.  The  law 
of  liubiititutkm  determine**  the  cycle  of  the  combinatioim  of  a  given  elumeut,  if  a  few  of 
iXA  oompoandfi  (for  iitetaaoe,  the  hydrogen  compounds)  be  known. 
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ptmnds  the  most  stable  should  be  L^hoseo.  We  will,  therefore,  take 
water  as  the  most  stable  compound  of  hydrogen  and  oxygen/^ ^  in  order 
to  see  the  ctises  of  substitution  between  iiydri>gen  antl  oxygen  ;  but 
for  the  sake  of  clearness  we  will  start  by  talking  the  very  stable  mole- 
cule of  hydrochloric  acid,  HCl,  as  one  which  can  be  divided  into  H 
and  CI  only.  According  to  the  law^  of  substitution^  if  these  elements 
are  able  to  furm  a  molecule,  and  a  stable  one,  then  they  are  able  to 
replace  each  other.  An^l,  indeed,  we  shall  afterwards  see  that  in  a 
number  of  instances  a  substitution  between  hydrogen  and  chlorine 
conversely  takes  place.  Given  HHy  then  RCl  is  j>ossible,  because 
HOI  exists  and  is  stable.  The  molecule  of  water,  HgO,  may  be 
divided  in  twu  ways,  because  it  contains  3  atoms  :  into  H  and  (HO) 
on  the  otie  hand,  and  into  H.>  and  TJ  on  the  uther.  Consequently,  being 
given  RH,  its  substitution  products  will  be  R(HO)  according  to  the 
first  form,  and  HjO  according  t^j  the  second  ;  l>eing  given  HHj,  it« 
corresponding  substitution  products  wdll  l>e  RII(OH),  K((*H)2^j  HO, 
(RH)iO,  ttc.  The  group  (OH)  is  the  same  hydroxyl  oi'  aqueous 
radicle  which  we  have  already  mentioned  in  the  third  chapter  as  a 
component  part  of  hydroxides  and  alkalis — for  instance,  Na(OH), 
Ca(OH)j,  itc.  It  is  evident,  judging  from  HCl,  that  (OH)  can  be 
substituted  by  CI,  because  both  are  replaceable  by  H ;  and  this  is  of 
common  occurrence  in  chemistry,  because  metallic  chloride*-  for  in- 
stance, NaCl  and  NH^Cl — correspond  with  hydroxides  ol  the  alkalis 
Na|OH)  or  NH|(OH).  In  hydrocarbons — for  instance,  CjHg — the 
hydrogen  is  replaceable  by  chlonne  and  by  hydroxy!.  Thus  common 
alcohol  is  C^Hi^,  in  which  one  atom  of  H  is  replaced  by  (OH)  ;  that 
is,  CaHjj(OH).  It  is  evident  that  the  replacement  of  hydrogen  by 
hydroxyl  essentially  forms  the  phenomenon  of  oxidatifin,  because  RH 
gives  R(OH),  or  RIIO.  Hydrogen  peroxide  may  in  this  sense  be 
regarded  as  water  in  which  the  hydrogen  is  replaced  by  hydroxyl  ; 
H(OH)  gives  (OH),^  or  H^O-j.  For  this  reason  chlorine,  as  we  shall 
afterwards  see,  exkibits  in  its  reactions  much  analogy  to  hytlrogen 
peroxide,  which  may  be  termed  free  hydroxyl.  The  other  form  of 
substitution  —namely,  that  of  O  in  the  place  of  11 2— is  also  a  common 
chemical  phenomenon.  Thus  common  alcobul,  C.^HgO,  or  C2H5(OH), 
when  oxidising  in  the  air,  gives,  as  every  one  knows,  acetic  acid, 
C,ll/3^,  or  CjHgO^OH),  in  which  Hj  is  replaced  by  O. 


««  If  hydrogen  peroxide  be  iiklceii  a»  a,  utiurting  pomt,  then  atOl  higher  forms  o(  oxi- 
dation tiiiui  ihoAO  oorresponding  with  watnt  <)hotild  be  looked  for,  They  should  imssresa 
the  projMirtieB  of  hydrogen  peroxide,  eHiJetittlly  thut  of  piirtiiig  %vith  their  oxygen  witli 
extreme  earn  (even  by  contact).  Such  compounds  ore  known,  Pemitric,  persuljihurici 
(Uid  aijiiiliir  acidfl  present  thede  pro[HirtieB}  vm  vre  shnil  see  in  dtm}tibing  them. 
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In  the  further  course  of  tliis  work  we  shall  have  uccasion  to  have 
recourse  to  the  law  of  substitution  for  explaining  many  chemical 
phenumeiia  and  relations. 

We  will  now  apply  these  conceptions  to  ammonia  or  nitrogen 
hydride  in  order  to  see  its  relation  to  the  oxygen  crimpounds  of 
nitrogen.  It  is  evident  tliat  many  substances  may  proceer]  from 
ammoiua,  NH3,  or  aijueous  ammonia,  NH^(OH),  fron*  the  substitution 
of  their  bytlrogeo  by  hydros yl,  or  of  Hg  by  oxygen.  And  such  is  the 
case.  The  two  extreme  cases  of  such  Bubstitutiun  will  be  as  follows  : 
(I)  t>ne  atom  of  H  in  NH.^  is  substituted  by  (OH),  and  NH.,(OH)  is 
produced.  Such  a  substfince,  still  containing  nnich  hydrogen,  should 
have  many  of  the  properties  of  ammonia.  It  is  known  under  the 
name  of   Iii/droxi/tant.inf'j''^  and,  in  fact,  it  Is  capable,  like  ammonia, 


Js  The  compound  of  lij^tlroiryl amine  with  hydrocliloric  ncid  ha»  tliP  ronipoiiitioa 
NHj,ClO — tliat  IK,  it  ifl.  ah  it  wer«  oxidiHed  i-,al-ftiiiuuuiiKe.  It  wati  preputred  hy  Lo«H«n  in 
iHlVo  by  the  nolinn  of  tin  iind  hydro-chlorio  ticid  in  the  prL^Hcmcu  of  water  on  li  substance 
tin-lleci  t^hyl  nitratt^  in  Vi  hieii  lmi^  the  liydrogen  lihemted  from  the  hydratliloric  n-eid  by 
til©  tin  nets  ui>tni  tlje  eskiuents  of  oitric  at  id — 

CjHvNOj  +  6H     +     HCl     =         NH^OCl  *  H,0  +    CjHs'OH 

Ethyl  nitr&tfe.        Hydrogen  from  Hydroxyiamme  + HCl.  \Viitf»r.        AIcohoL 

HCl  and  Sii. 

ThuH  in  thiH  ch,*ih  the  nitric  acid  is  denxidiaed,  not  dii-eetly  into  nitrotyen,  but  into 
hydroxylflnittje.  HydroxyhuuinB  ift  also  formed  by  pas^KiDg  nitric  oxide,  NO,  into  it 
mixture  of  tiu  and  hydrochloric  luid— that  in,  by  i\w  action  of  the  hydrogen  evolved  on 
the  nitric  oxide:  NO  +  3H -t-HCl-NHiOCl— and  in  muny  other  catiOfi.  According^  to 
Lo»Hen'a  method,  o.  mixture  of  80  partn  of  ethyl  nitrate*,  120  |ni.rtKof  tin,  and  iO  purts  of  a 
solution  of  hydrochloric  ticid  of  sp.  gr,  lots  are  tidten.  The  reaction  procei*d«  of  its  own 
accord  ttfter  tVie  lapne  of  n  certain  time.  When  tlu^  rcjutioii  ceases  tbts  tin  m  seijariited 
by  m etuis  of  hydrogen  Bulphide^the  Holution  is  eviiiKindcd,  and  a  large  amount  of  sal- 
ammnninc  ii*  thun  obtained  (owing  to  tile  farth<'r  tiction  of  hydrojLri?n  on  the  hydroJtyl- 
iuiiine  compcuind,  tho  hydrogen  taking  njt  oxygen  from  it  and  forming  water) ;  a  aolution 
ultimately  reniainH  coniivining  the  hydroxylaiiiine  Halt ;  thisttalt  in  dirtBtilvod  in  anhydroaa 
ttleobol  and  pariEcd  by  the  addition  of  pklinmn  chloride,  which  pr<*cIpitateK  any  am* 
monium  Halt  sliU  remaining  in  the  solution.  After  coniii^iitrating  the  alcoholic  solution  the 
hydroxy  lamina  hydrot  blonde  Beparatei  in  orywtalH.  Thin  subHtanct-  naelth  at  about  150*^, 
Kind  in  ho  doing  dt'<_"4>iiiixj9e»  into  nitrogen,  hydrogen  chloride,  vvater*  and  lial-ommoniiio. 
A  Bulphurie  acid  i  <mipound  of  hydroxylftjnino  may  he  obtained  by  mixing  a  solution  of 
the  above  «alt  with  sulphuric  iwiid.  This  tiubMtaace  iH  also  Holublt?  in  water  like  the 
bydrotbloride ;  this*  whowii  that  hydroxylamine,  likt^  amjuoiiia  itself,  form h  a  i«tri(;ii  of 
wdtrt  in  which  one  acid  may  be  suhfititut<-d  for  another.  It  might  he  expect©*!  that  by 
mixing  a  strong  sedation  of  a  hydroxy  famine  aalt  with  a  Rolntiou  of  a  caustic  alkali 
hydroxylanunu  itself  would  he  liberated,  junt  as  an  ammonia  «alt  mider  tbewe  circum- 
utancoii  evolves  ammoijia;  but  the  lil>eruticd  hydroxylamino  i«  immediately  decomposed 
with  tlie  formatinn  of  nitrogen  and  ammonia  (and  proVmhly  nitrous  oxide),  BNTd^O^ 
NHj^aHjO  +  Nj.  IHlute  solutioiiH  givo  tbf  mtme  reaction.  Although  very  slowly,  hut  hy 
dcconifHi fling  a  Holution  of  the  Hwljdiate  with  barium  hydroxide  a  certain  amount  of 
hydroxylamine  Iti  (ihtained  in'sobitiou  ;  thisi,  however,  cannot  be  tieparated  from  thfi  fiolu- 
tion^  either  by  heating  or  evaporation,  without  decomposition.  The  addition  of  an  iwrid 
to  such  a  solution  again  given  a  salt  ai  bydroxjdamino.   HydroxylAmiue  in  aqueouii  Bolu- 
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of  ;ici'^"g  salts  with  acids ;  for  exiimple,  with  hjtlrochloric  acid, 
KH3(<>H)C1  — which  is  a  Bubstance  cDrrespoinJing  with  saJ-atnmoniac, 
in  which  one  atom  of  hydrogen  is  ieplaee<l  by  hydroxy!  (2)  The  other 
extreme  case  of  substitution  giiren  byanimoniuni  hydroxide,  NH4(UH), 
is  when  the  whole  of  the  bydi'ogen  of  the  ammonium  is  replaced  by 
oxygen  ;  and  as  ammonium  contaiJis  4  atoms  of  hydroj^en,  the  highest 
oxygen  compound  shoulfl  Ije  NOj(OH},  or  NHO^,  as  we  tind  to  be 
really  the  case,  because  NHO^  is  nitric  acid,  or  the  highest  de^pi'ee 
of  the  oxidation  of  nitrogen. ^^'  If  instead  of  the  two  extreme  aspects 
of  suVistitution  w^e  take  an  intenneiliate  one,  then  we  obtain  one 
of  the  intermediate  oxygen  compounds  of  nitrogen.  For  instance, 
X(OIl),,  is  orthonitrous  acid/^^  with  wliich  corresponds  nitraus  acid, 
NO(OH),  or  NilO^,  ef|ual  to  X(<>H);,  H/),  and  nitrous  anhydride 
NjUj  ^^  *2N(OH)3     SHjO.     Thus  nitrogen   gives  a  series   of  oxygen 


tiotl,  like  amiiumtA,  prtwipitiites  banic  hydrates,  and  it  deoxtdiitt^s  the  oxiden  of  t'op|)«r, 
stiver,  iLTid  oilier  inetalB.  Hydroxy laniinu  m  ohinhun}^  in  a  great  numUer  of  catu^a^  for 
inHt«tiir«,  hy  the  Action  of  tin  on  dilttte  nitric  iicid,  and  iklso  hy  the  action  of  zinc  on  eJihyl 
nitmte  unci  dilntc^  hydrochlorit!  Acid^  JLc.  The  rehition  between  hydroxyluLnjiiiH^ 
NH:_i(OH),  and  nilroii»  acid,  NO(OH)^  wliicb  i«  *o  I'lear  in  the  tten»e  of  the  law  of  Hubstt- 
tuiiouH,  becomes  a  reality  In  thoKe  cnacs  wheii  reducing  a>^entK  act  on  Kaltt»  of  nitrous 
acid.  TbuH  RaKchig  (iHKH)  pr<ipo«M*d  the  following  method  for  the  preparation  of  the 
hydroxy  1  am  in**  ntilpbate.  A  mixtar«  of  strong  »^1utiout4  of  fN^tasainm  nitrite,  KNO.^j  and 
hydroxide,  KHO,  in  moU»cular  pmportion?t,  is  prepared  and  c<ioIed.  An  ttxoesi*  of  *ml- 
phtiroutt  anhydride  in  then  pagM<ed  into  the  mixtnre,  and  the  nolutioii  boiled  for  a  long 
time.  A  mix  tare  uf  the  MulphnteH  of  potiiMHium  and  hydrox)'lamin«i  i»  thus  obtained : 
KNO.>«  KHO  +  2SO>  +  *iH.p-NH.(OH),H.2S04  +  KjS04.  The  aalts  may  Iw  tM^pamted 
from  wivcb  other  by  eryHtallisation. 

With  renfMict  to  anbHtiinci^ti  intenneditLie  between  NH3  and  the  oxides  of  nitrogen,  we 
mast  tarn  oor  attention  to  hjponitroiiH  acid,  NHO,  atid  attiiiiogen,  whteh  are  meuiiotied 
in  Note  07, 

"  Nitric  acidcorroHptrndi*  with  the  anhydride  NjO^,  which  will  afterwarda  be  desQrib«d, 
but  which  aiuai  be  re^^arded  as  thehi^dient  nalino  oxide  of  nitrogen,  just  aaNa^O(jM3d  the 
hydroxide  NaHO)  in  the  cafie  of  »odiiim,  although  sodium  forruft  a  peroxide  poa«eB*jino^  the 
property  of  partindj  with  itn  oxyj^'en  w  itli  the  aaiiie  ease  ai^i  hydrogen  peToxlde,  if  not  on 
heatinii:,  at  all  eventw  in  reaetiouH — for  iiHtancis  with  acidn.  So  also  nitrin  acid  has  its 
corresjxinding  £>eroxide^  whiiL'h  may  be  called  pemitric  acid.  Itft  compoiiition  is  not  well 
known — probably  NHO4 — ko  that  itti  correi*iionding  anhydride  would  1*b  NJO7.  It  is 
formed  by  the  ivcticm  of  a  Client  discharge  on  a  mixtitre  of  nitrogen  and  oxygen,  so  that 
a  portion  of  its  oxygen  in  in  a  atate  simitar  to  that  in  o^xme.  Tlie  instability  of  thia  sab- 
Hta»ve  (obtained  by  Hautc^feuille,  ChappuiH,  and  Bertbdot),  which  easily  splits  up  witli 
the  fomiation  of  nitric  peroxide,  and  ita  reHemblance  to  pen^nlphoric  acid,  which  we  ahali 
afterwurdti  deftcril>e,  will  i>ermit  our  pai)»ing  over  the  conaideration  of  the  little  tlial  ia 
further  known  concerning  it. 

^  Phoaphorua,  as  we  iihall  afterwards  find»  givtis  the  hydride  PH3,  oorTesponding 
with  ammonia,  NH^,  and  forms  phosphorous  acid,  PHi^O;},  which  is  auAlogoiiH  to  nitroai 
A4ridt  JQiit  as  phofiphorie  a.rid  \»  to  nitric  acid ;  but  pho^pliciric  (or,  better,  orthophoAphoric) 
ftcid^  I'H^Oi,  is*  able  to  Ion©  water  and  give  pyro-  and  me ta- phosphoric  ac-ids«  The  latter 
it  equal  to  the  ortho-acid  minUB  water  =  PUO3,  and  tlierefore  nitric  acid,  NHO3,  ifl  really 
laeto-nitric  acid.  So  aliw  nitrauii  acid,  UNO..,,  is  meta-uitroua  (aiihydrouMj  acid,  and  thou 
the  ortho-acid  Is  NH30j  =  N(0H)3. 
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compounds,  which  we  will  proceed  to  describe.  Only  let  us  fii*st  show 
that  the  passage  of  amuionia  into  the  oxygen  compotinds  of  nitrogen 
up  to  nitric  acid,  as  well  as  the  converae  preparation  of  anmiouia 
from  nitric  acid,  are  reactions  which  proceed  directly  and  eavsily  under 
many  circumstances.  In  nature  the  matter  is  com  plicated  by  a 
number  of  influences  and  circumstances,  but  in  the  law  the  rela- 
tions are  presented  in  their  simplest  aspect.  The  bund  between  this 
simplicity  of  laws  and  this  complexity  of  phenomena  forms  the  essence 
of  a  scientific  understanding  of  things. 

It  is  easy  to  prove  the  pi^saibility  of  the  oxidation  of  ammonia  into 
nitric  acid  by  passing  a  mixture  of  ammonia  and  air  over  h^-ted 
spongy  platinum.  This  causes  the  oxidation  uf  the  ammonia,  nitric 
acid  being  formed,  which  partially  comluiies  with  the  excess  of 
ammonia. 

The  converse  passage  of  nitric  acid  into  ammonia  is  accomplished 
by  the  action  of  I)ydix>gen  at  the  moment  of  its  evolution.'^  Thus 
metallic  aluminium,  evolving  hydrogen  from  caustic  soda,  is  able  to 
completely  convert  nitric  acid  added  to  the  mixture  (really  as  a  salt, 
because  the  alkali  gives  a  salt  with  the  nitric  acid)   into  ammonia. 

The  compounds  of  nitrogen  with  oxygen  present  an  excellent 
example  of  the  law  of  multiple  proportions^  because  they  contain  for  14 
parts  by  weight  of  nitrogen  8,  1 G,  24,  32,  and  40  parts,  respectively,  by 
weight  of  oxygen.    The  composition  of  these  compounds  is  as  follows  : — 

NjO,  nitrous  oxide  ;  hydrate  NHO. 
NjiOj,  nitric  oxide,  NO* 
NyOg,  nitrous  anhydride  ;  hydrate  NHOa* 
N^O^,  peroxide  of  nitrogen,  NO^. 
N.^Oij,  nitric  anliydride  ;  hydrate  NHOg. 

Of  these  compounds,-^  nitrous  and  nitric  oxides,  peroxide  of  nitrogen, 
and  nitric  acid,  N HO 3,  are  characterised  as  being  the  most  stable.  The 
lower  oxides^  when  coming  hito  contact  utth  the.  hiffftrr,  may  ffive  tha 
intemtfdntte  formjt  ;  for  instance^  NO  and  NOj  form  N.^Og,  and  thr. 
intermediattf  oxides  mai/j  in  sfdiUiufj  vp,  give  n  Iiitjhf'r  and  lotver  oxide. 

'B  The  formiiiioti  of  Anixnoniii  is  remarked  in  tiiHiiy  cunt'K  of  oxidation  by  niiMlll  of 
nitric  iwvid.  TUia  aubttlanco  is  even  formed  in  the  action  of  nitric  Acifl  on  tin^  espociftUy 
if  dilute  neid  be  enipltiyeil  in  tin-  coUi.  A  fitiU  more  considerable  tmioaiit  of  umtuoniti  ih 
obtained  if,  in  the  nation  of  ^itrie  iw^id,  there  ar«  condition«  directly  tending  to  the  evola* 
tion  of  hydriJjJten,  whieli  theii  reduces  the  ttcid  to  ammonia ;  for  instance^  in  tlie  action 
of  zinc  on  a  mixture  of  nitric  and  snlidiuric  acids* 

*•  AccMjrdiiig  to  the  deteniiinutiotiii  uf  Favre/Thomsen,  and  mor«eKi)e<?iiilly  of  Berthelot, 
on  ibermocliemical  dutajt  (olIoKi^  tliat  in  the  formation  of  such  quiintitleHi  of  the  oiddeA 
of  nitrogen  a^  eKjires^a  thttir  foruiiil«c,  \t  gAsuoua  nitrogen  and  oxygen  be  ittkoti  m  the 
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fid  N2O4  gives  Nj^O^  and  N.^O^,  or,  in  the  presence  of  water,  their 
hydrates* 

We  huve  ah^eady  seen  that,  under  certain  conditionsj  nitrogen 
combines  with  oxygen,  and  we  know  that  ammonia  may  l^e  oxidised. 
In  these  cases  vanous  oxidation  products  of  nitrogen  ai'©  formed,  but 
in  the  presence  of  water  and  an  excess  of  oxygen  they  always  give 
nitric  acid-  Nitric  acid,  as  corresponding  with  tlie  highest  oxide,  is 
able,  in  deoxidising,  to  give  the  lower  uxides,  and  for  this  reason  we 
will  begin  w  ith  it. 

^^itric  acid,  NHOj,  is  likewise  know-n  as  ac|ua  fortis.  In  a  free 
state  it  is  only  met  w  ith  in  nature  in  small  i|uantities,  in  the  air  and 
rain-water  after  storms  ;  but  even  in  the  atmosphere  nitric  acid  does 
not  long  remain  free,  but  coinl>ines  with  ammonia,  traces  of  which  are 
always  found  in  air.  On  falling  on  the  soil  and  into  running  water, 
(kc*,  the  nitric  acid  everywhere  comes  into  contact  with  bases  (or  their 
carbonates)^  w  hich  easily  act  on  it,  and  therefore  it  is  convertetl  into  the 
nitnites  of  these  bases.  Anmionia  and  other  compiiunds  of  nitrogen, 
if  oxidised  in  the  soil,  are  always  in  the  presence  of  bases,  and  there- 
fore abo  give  salts  of  nitric  acid,  and  not  the  free  acid  itself.  Hence 
nitric  acid  is  alw^ays  met  witli  in  the  form  of  salts  in  nature.  Theso 
salts  are  called  nifreji.  This  name  is  derived  from  the  Latin  sal  nifrL 
The  potassium  salt  KNO^  is  common  niti'e,  anil  the  smiium  stilt  NaNOg 
Chili  saltpetre,  or  cubic  niti^.  Nitres  are  formed  when  a  nitrogenous 
substance  is  slowly  oxidised  in  the  presence  uf  an  alkali  by  means 
of  the  oxygen  of  the  atmosphere.  In  nature  there  are  \ery  fre- 
quent instances  of  such  oxidation .     For  this  reason,  certain  soils  and 

Bt4irnng  fwiirttA^  nnd  il  the  compouiiKLU  formed  W  abo  ^jih^ouk,  tlit;  following  ajnounts 
of  heat,  expressed  In  tbouHuaidi*  of  heat  uniU,  are  ahiturbrd  ^hemx*  11  minus  hignl:— 

N.jO  NaO,j  N.^03  N.P4  N^Os 

-21  —48  -22  -5  -1 

-»i*i  ^ai  ^^17  4-i 

The  difference  ie  given  in  th«j  lower  lim*.  For  example^  if  ^'n  or  9S  gromji  of  nitrogeUf 
comliiDe  with  O — that  ip.  with  IC  srrariis  of  oxygen — then  21110(»  unit*  of  heat  ttrt-  iibHorhed^ 
or  safticient  heat  is  Adsiniilated  to  heut  21000  i^iuurt  of  wiiter  through  V-  Nuturallyf 
direct  obaervfttions  are  iniposftible  in  this  vatse ;  but  if  chiircoiil,  phoKphorus^  or  eiiTiilnj' 
Dubflio^ueeik,  are  hurnt  both  in  nitrous  oxide  and  in  oxygen,  imd  the  heiit  evolved  is  obftervoil 
in  both  oft^ies.  then  the  difference  (more  beat  will  Im?  evolved  in  burning  in  uitroUB  oxide) 
lifiveB  the  figTires  requin>d.  If,  then,  N-jO.j,  by  comhinin^  with  O  *,  given  N  jOi,  then,  v^&  i» 
M?e»  frtjui  the  ttible,  heat  should  be  develoi>ed,  namely  3H0OO  unita  of  heat,  or  NO  4  0  — 
1900U  units  of  heat.  The  differenee*  given  in  tlie  (Able  show  that  the  maxiujuiii  abaorp- 
tioo  of  heat  correspt^ndH  with  nitric  oxide,  and  tliat  the  higher  oxidi^s  are  formed  from  it 
with  evolution  of  heat.  If  liquid  nitric  acid,  XHO5,  were  decomposed  into  N  +  O5  +  H, 
then  41W>0  heat  units  would  be  required ;  that  i&,  an  evijlution  of  heat  take^  place  in  its 
formation  from  the  ganeti.  It  Khould  be  ob^^rved  that  the  fomiatiou  of  ammonia,  NHj, 
from  thegaaes  N-t-Hj  «voIve»  VI'2  thousand  heiit  unit*. 
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rubbish  he^ps— for  instance,  lime  rubbish  (in  the  presence  of  a  base — 
lime) — contain  a  more  or  less  t'onaiderable  amount  of  nitre.  One 
of  these  nitres — the  sodium  nitrate — is  extracted  from  the  earth  in 
large  quantities  in  Chili,  w[iere  it  was  probably  formed  by  the  oxida- 
tion of  animal  refuse.  This  kind  of  nitre  is  employed  in  practice  for 
the  manufacture  of  nitric  acid  and  the  other  oxygen  conjpounds  of 
nitrogen.  Nitric  acid  is  obtiiined  from  Chili  saltpetre  by  heating  it 
with  snlphvrie  acid.  The  hydrogen  of  tlje  sulphuric  acid  replaces  the 
sodium  ill  the  nitre.  The  sulphuric  acid  then  forms  either  an  acid  salt, 
NaHSO^^ora  normal  salt,  Na^SO^,  while  nitric  acid  is  formed  from  the 
nitre  and  is  volatilised.  The  decum position  is  expressed  by  the  equations  : 
(1)  NaNOa  +  HiSO^sHNOa-hNaHSr)^,  if  the  acid  salt  be  forme*!, 
and  (2)  2NaN03  +  HjiS04=KaaS04 -hSHNO;,,  if  the  normal  sodium 
sulphate  is  formed*  With  an  excess  of  sulphuric  acid,  and  at  a 
moderate  heat,  and  at  the  commencement  of  the  reaction,  the 
decomposition  proceeds  according  to  the  tirst  equation  ;  and  on 
further  heating  with  a  sufficient  amount  of  nitre,  according  to  the 
second,  because  the  acid  salt  NallSO^  itself  acts  like  an  acid  (its 
hydrogen  being  replaceable  as  in  acids),  according  to  the  equatitm 
NaNOg  +  NaHS04=Na2SO^  +  HNO3. 

The  sulphuric  acid,  as  it  is  said,  here  displaces  the  nitric  acid  from 
its  compound  with  the  base,  Tliis  not  unfrequently  gives  rise  to  the 
supposition  that  sulphuric  acid  lias  a  particularly  high  degree  of  affinity 
or  energy  as  compared  with  nitric  acid,  but,  as  we  shall  afterwards 
see,  tlie  idea  of  a  relative  affinity  in  acids  and  in  bases  is,  in  many 
instances,  untrustworthy  ;  it  shnuld  not  be  had  recourse  to  so  long 
as  it  be  possible  to  explain  a  phenomenon  without  its  introduc- 
tion, inasmuch  as  the  degree  of  affinity  cannot  be  meiisured*  The 
action  of  the  sulphuric  acid  can  be  explained  by  the  fact  that  the 
nitric  acid  formed  is  volatile.  Nitric  acid  alone,  of  all  the  sub- 
stances taking  part  in  the  reaction,  is  capable  of  being  converted  into 
vapour  (at  the  temperature  employed),  and  it  alone  volatilises  ;  the 
remaining  substances  are  not  volatile,  or,  more  strictly  speaking,  are 
\'ery  slightly  volatile.  If  we  suppose  that  the  sulphuric  acid  is  able  to 
set  free  even  only  a  small  quantity  of  nitric  acid  from  its  salt,  it  is 
sufficient  for  ex  pi  ah  u  rig  eventually  the  complete  decompi*sition  of  the 
nitre  by  the  sulphuric  acid,  because,  once  the  nitric  acid  is  separated, 
it  is,  on  heating,  con^  erted  into  vapour,  and  passes  from  t!ie  sphere 
of  action  of  the  remaining  substances  ;  the  free  sulphuric  acid  then 
again  sets  free  a  fresh  small  quantity  of  nitric  acid,  and  so  on  until  the 
nitric  acid  is  completely  displacetl  from  the  nitre.  It  is  evident  that, 
according  to  this  explanation,  it  is  necessary  that  the  sulphuric  acid 
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sbotild  l>e  in  excess  (although  but  smal!)  to  the  end  of  the  reaction. 
According  to  the  equation  expressing  the  reaction^  it  is  requii'ed  that 
there  should  he  98  parts  of  sulphuric  acid  Ui  85  parts  of  sojJium 
mti*ate  ;  but  if  these  quantities  be  takeuj  the  nitric  acid  is  not  eotirely 
displaced  by  the  sulphuric  acid.  It  is  necessary  that  an  excess  of  the 
latter  should  be  taken  ;  generally,  80  parts  of  nitre  are  taken  to 
98  parts  of  sulphuric  acid,  and  therefore  a  portion  of  the  sulphuric 
Hcid  remains  in  a  free  state  to  the  eud  of  the  reaction.  Thus,  in 
the  reliction  of  sulphuric  acid  on  niti'e  there  La  formed  a  non- volatile 
salt  of  sulpfiuric  a<^id,  which  remains,  together  with  an  excess  of  this 
acid,  in  the  flistilling  apparatus,  an<l    nitric  acid,  which   is  converted 


VUi.  4?.— Metluvl  of  prc'Pftrluff  nitric  acl4  tni  n  Uir^\'  simIc,  A  ojist-irou  ri*tort,  C,  U  flxt?d  Into  tbe 
fnmnoe,  niid  ht-ateil  by  the  fire,  B.  The  ttnOii*  uiii  imi.luctu  of  combustion  imj  at  flr*t  lei  Ekloiyr 
the  Que,  M<iit  orcler  to  hmt  lUe  rtTHvor»>,«uiil  aftenvanl*  hilo  L.  Tlie  rvkirt  U  char\ivl  with  Chill 
iAlt|ietrv  iintl  ^sul^jhurtc  ivcM,  and  rhc  cover  i*  lut*il  t>u  with  eluy  ami  ffj^taiioi.  A  rU>"  tabe^ «,  4» 
Axed  imn  the  tiect  ol  the  n-l^irt  (in  ortirr  U*  prevent  th*?  nitric  &cul  fnnii  oorrwlinff  ilic  cawt  tron), 
Hti4  R  Ikcnt  frla«i(  tube^  I),  i^  hitcii  an  t-o  it,  Thia  tabe  ejHTif!»  the  TapquTK  into  a  serie*  of  carthco- 
wjire  rectiveTK,  E.  Nitric  jwiJ  raixt-Hil  i,Wtli  sulphtirio  iteid  oiiUect*  In  the  first.  Tht*  (•urett  nitrt<? 
Hfid  Is procnrtti  fr»:iui  the  ♦t'OiUHl,  wlulsit  th»t  wtiiuli  ct»iidt*u*w?»  in  ti»e  tliiriJ  rwjt'iAer  ooutnins  hydro- 
chloric ftpid,  ftud  th*t  in  tlic  (ourth  ttltrotii  oxide.  W»ler  la  pture^l  into  tLie  Itat  rtW'ivcr  in  onlcr 
14}  coatleuse  tht^  rMidiuil  VM>)toiir», 

into  vapour,  and  may  be  condensed,  because  it  is  a  liquid  and  volatile 
substance.  On  a  small  scale,  this  reaction  may  be  carried  on  in  a  glass 
retort  with  a  glass  condenser.  < Jn  a  large  scale,  in  chemical  works,  the 
process  is  exactly  similar^  only  iron  retorts  are  employed  for  holding 
the  mixture  of  nitre  ami  sulphuric  acid,  and  earthenware  three-necked 
bottles  are  used  instead  of  a  condenser, ^'^  fis  shown  in  fig.  47. 


^  It  mufit  1k^  iibnerved  that  ttilphuric  Acid,  ikt  least  mlion  uiidiltited  (60^  Banjul* 
oorrodef  cii»t  iron  with  diffieiilty,  so  thiit  the  sicid  muy  be  heated  in  castiron  boiltrs. 
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Nitric  acid  so  obtained  always  contains  water.  It  is  extremely 
difficult  to  deprive  it  of  all  the  ftdiiiixe*!  water  without  destroying  a 
portion  of  the  acid  itself  and  partially  converting  it  into  lower  oxides, 
because  without  the  presence  of  an  excess  of  water  it  is  very  unstable. 
When  rapidly  distil  lei  1  a  portion  is  decomposed,  and  there  are  obtained 
free  oxygen  and  lower  oxides  of  nitrogen,  which,  together  with  the 
water,  remain  in  solution  with  the  nitric  acid.  Therefore  it  is  neces- 
sary to  work  with  great  care  in  order  to  obtain  a  pure  hydrate  of  nitric 
ticid,  HNO3,  and  especially  to  mix  the  nitric  acid  obtained  from  nitre, 
as  above  described,  with  sulphuric  acid,  which  t^kes  up  the  water,  and 
to  distil  it  at  the  lowest  possible  tempcraturc^ — that  is,  by  placing  the 
retort  holding  the  mixture  in  a  water  or  oil  bath  and  carefully  heating 


KereriheloBS,  both  sulphuric  and  nitric  iicids  eviiico  a  certain  actiun  on  cast,  iron,  and 
tlierefore  the  acid  obtttiii«*d  will  contain  tracos  of  iron.  In  practice  Bodinui  nitrate  (Clitli 
tuUtpetre)  m  usually  employed  bfcunHt*  it  in  cheuper^  but  in  the  laboratory  it  it-  bent  to 
take  potassium  nitTate,  because  it  iK  partr  and  does  not  froth  up  ho  much  ae  sodium 
nitrate  when  heated  with  sulphuric  acid.  In  the  action  of  an  excess  of  nulphuric  acid  on 
nitre  and  nitric  Hcid  a  portion  of  the  latter  in  decompoHcd,  forming  lower  oxides  of 
nitrogen,  which  are  dissMilved  in  the  nitric  acid.  A  portion  of  the  Mulphuric  acid  it&elf  is 
al»o  carried  over  ai*  spray  by  the  vaiKiurs  of  the  nitric  at  id.  Hence  sulphuric  twjidoccura 
aa  an  impurity  in  commercial  nitric  acici  A  cerljiin  amount  of  hydrocliJciric  acid  will 
al»o  i)e  found  to  he  present  in  it,  bec^aUHe  nmlium  chloride  it*  generally  found  aa  an  im- 
purity in  nitre,  and  under  the  action  of  sulphurif^  acid  it  fornix  hydr«<dilori(;  acid.  Com- 
mercial acid  further  contaiiiH  a  eonhiderablf  exc*'t*»  of  water  above  that  necessary  for  the 
formation  of  the  hydrate,  becHn^*e  wat^^r  in  first  poured  into  the  earthenware  vessels 
employed  for  condenaing  the  nitric  jwicl  in  onler  to  facilitate  its  cooliufi  and  condensation. 
Further,  the  acid  of  cotiiiDOsitiDti  HNO5  dect>mi>oHi,^s  witli  great  eaiie,  with  the  ev^ulutioti 
of  oxiden  of  nitrogen.  Thus  the  CDmmercial  iwid  oonUiinn  a  great  nundj^r  of  impurities. 
Generally  iti*  ^Jt'Lific  gravity  in  1'3H  {H4V^  Baume)^  and  it  couUiins  oil  p,c,  of  nitric  acid« 
The  acid  employed  in  medicine  and  in  the  lahoratory  contains  one-third  of  nitric  acid  and 
two  thirds  Iff  water,  and  its  Hi>eci)tic  gra^nity  iw  I'i.  The  conunercial  tucid  is  often  purified 
in  the  followiujs^  manner: — Lead  nitrate  is  lir?it  added  to  the  acid  beciuiHe  it  fonns  now* 
volatile  and  almogt  insoluble  (precipitated  1  BubHtances  with  the  free  sulphuric  and 
hydnx'hloric  acids,  and  lil>erate«i  nitric  acid  in  go  doinji;^  uccordiiijf  to  tlie  equations 
PbiNOj).  f  2HC1  =  PbCl.  -  2N  RO:.  and  Ph<  N 0- 1 .  +  H ,RO.i  -  PbSO »  f  'iNHO^.  PotAa- 
dttm  chrormite  is  th«m  added  to  the  impure  nitric  acid,  by  which  niean««  oxygen  ia 
liheriited  from  the  chromic  acid,  and  this  oxyi^en,  at  the  moment  of  its  evolution^ 
oxidtijeK  the  lower  oxides  of  nitrogen  nod  cfm verts  them  into  nitric  acid.  A  pure  nitric 
acid,  containing  no  impuritieai  other  than  water»  may  he  then  obtained  by  diRtilUng' 
the  acid,  manipulated  an  above  deticribed,  with  care,  and  particularly  if  only  the  middle 
portion»  of  the  difttillate  are  collected.  Such  acid  iihouLd  (five  no  precipitate,  thither 
with  a  solution  of  barium  chloride  (u  precipitate  ehows  the  prenence  of  sulphuric  acid) 
or  with  a  Holntinn  of  nilver  lutrute  (a  precipitate  shows  tb*i  presence  of  hydriichloric 
acid)^  tjor  should  it,  after  beiii^jf  diluted  with  water,  give  a  culoratton  with  ittarcb  oon- 
taiiung  pota£i$iium  iodide  la  coloration  ifhowtd  the  admixture  of  other  oxidea  of  nitrogen). 
The  oxides  of  nitrogen  may  be  mnnt  easily  removed  from  impure  nitric  acid  by  heAl- 
iiig  for  a  cert*un  time  tvith  a  HUjall  i|uantity  of  pure  cbarcoah  By  the  action  of  eitriu 
acid  on  tlie  charcoal  carbonic  anhydride  in  cvoh«Kb  which  carries  nff  the  NO^  NO.j, 
and  other  volatile  suhstaucot.  O^i  rediKtillin^,  pure  acid  is  obtained.  The  oxideti  of 
nitrogen  occurring  in  solution  may  also  be  removed  by  passing  air  through  the  nliric 
acid. 
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it.  The  first  portion  of  the  nitric  acid  thus  distilled  boiJs  at  86"^,  has  a 
specific  gravity  at  15°  of  1*526,  and  solidifies  at  -  50^  ;  it  is  very 
UDstabk^  at  higher  temperatures.  This  is  the  normal  hydrate,  HNO^, 
which  corresponds  with  the  salts,  NMO3,  of  nitric  acid.  When  diluted 
with  water  nitric  acid  presents  a  higher  boiling  point,  not  only  as 
compared  with  that  of  the  nitnc  acid  itself,  but  also  with  that  of  water  ; 
so  that,  if  very  dilute  nitric  acid  be  distilled,  the  fii*st  portions  passing 
over  will  consist  of  ahnost  pure  watery  until  the  bi^ilin^?  point  in  the 
vapours  reaches  12l°*  At  this  t^mpei-ature  a  compound  of  nitric  acid 
with  water,  containing  about  70  px\  of  nitric  acid,^^  distils  over ;  its 
specific  gravity  at  15°  ^1 '521.  If  the  solution  contain  less  than 
25  p.c*  of  water^  then,  the  specific  gravity  of  the  solution  being  alxjve 
1*44,  UNO;,  evaporates  off  and  fumes  in  the  air,  forming  the  above 
hydrate,  whose  vapour  tension  is  less  than  that  of  water,  Such  solu- 
tions form  fumlmj  nitric  acid.  On  distilling  it  gives  luonobydrated 
acid,'*^  HNOji ;  it  is  a  hydrate  boiling  at  121**,  so  that  it  is  obtained 
from  both  weak  and  strong  solutions.  Fuming  nitric  acid,  under  the 
action  not  only  of  organic  substances,  but  even  of  heat,  loses  a  portion 

^'  Dulton,  Smitb,  Binetiii,  imd  others  coueidered  that  the  hyilriit«  of  eonsiiLnt  boiling 
point <;»t*e  Chapter  I.  Note  G0|  fornitrir  iK'id  Wtts  tlie  com|H%afi(l  'JHNO-,«H.O,  but  Rosooe 
fthuwed  ihiit  its  t:om[>OHitioii  changes  w  ith  a  vuriatioti  t)f  th«  pressure  luidl  U*iiip«mtur« 
ander  which  the  di^iliihitiuii  prcx't^eds.  Thus,  at  a  presHure  of  1  atiiiuHphere  die  »olut^ou 
of  coustaiit  boih'ng  point  eoutuuiH  OW"<J  p.c,  and  at  one-t*-»i»th  utinosiphero  LSO'tt  p.c* 
Judging  from  what  has  been  said  couc^niiiig  Bolutioiiii  of  hydrwhhirit'  acid,  uiid  from  the 
variation  of  Rpeiific  gravity^  I  think  that  tlie  compartitively  lurge  deL'ieuiie  of  the 
tenmons  of  thij  vapoiii#  dein^nd*.  on  the  formation  of  a  hydrate,  NHO^/JEjO  («G3'0  {}x\), 
Such  a  bydrait-  may  be  exprt^Ni^^d  by  N(H0|5,,  that  i»  an  NH^jHOi  in  which  all  the 
equivalents^  of  hydtJjgen  are  replaced  liy  hydroxyl.  The  eonsiani  lioibug  poiul  will 
thtrti  be  tJie  leniperature  of  the  derompo^itioa  of  thiw  hydrate* 

Betiide^  vibiih*  jod^n^  by  the  varitttion  of  the  frpecitic  fjrat'ity  (nee  my  work  cit«d  in 
Chaptt*r  I.  Note  2IIK  at  least  ont*  more  hydratt?,  NHO;;.riHjO  (41a  p.c.  HNO3),  munt  Ite 
lU!  know  hedged.  Starting  from  water  {p^O}  to  U)ift  hydrate,  the  Mpecilic  f^avitiea  of  the 
i4oliitioDH  at  15  iRwell  expressed  by  *  =  l»Jn»U  ^  f»7'4jJ  +  lX  Ii«/^*,  if  water  =  10000  nt  i®. 
For  example,  when  //^iiO  p.c.  jf  =  HM4W.  For  more  concentruted  8<dtitions,  at  lea»i^  the 
above-mentioned  hydrate,  HNO:^,SH.^.O,  mUHit  be  tAken,  up  to  which  the  specific:  gravity 
«  =  !*570  4  H4'18/-r  — 0'240jt^';  botperhafm  (the  reHullHof  obKervationn  of  the  »j>eciHc  gravity 
of  the  mdtUionw  are  not  in  BuQicieitt  agreetiietit  to  make  u  dt»ciaiotiJ  the  hydrat« 
HN03,UH,0  abould  be  recognised,  as  ib  indicated  by  nmny  iiitrateii  fAI,  Mg,  Ct».,  (tc.)» 
which  cr}iitaUi«e  with  thi»  amotint  of  water  o<  crystallisation.  From  HNOj^'iHjO  to 
HNO3  th#«  ftpeciiic  gravity  of  the  ludytiiinK  (at  15^)  1 -lO(i&a  +  «a'i>*Vi-01flO/>^  The 
,jpillt«bydrated  hydrate  is  recogniaed  by  Bertbelot  on  the  bawH  of  the  therinoH^ljemical 
diti  for  »olut!OTis  of  nitric  acid^  beeatifw  on  uppro*u  Jiiiig  to  thin  com|M>8itioii  there  b  a 
rapid  cliauge  in  the  anioimt  of  heat  evolved  by  mixing  nitric  acid  with  water,  Thia 
hydrate  aolidifieH  at  about  —  IH^  One  would  think  that  a  more  detailed  etudy  of  the 
reactions  of  hydrated  nitric  at!id  would  whow  tht>  exiiiteiit?e  of  chiuige  in  the  proeeHti  and 
rapidity  of  reaction  in  approAching  thet^e  hydrateii, 

^^  The  normal  hydrate  HNO5,  corresponding  with  tlie  ordinary  Halta,  may  be  termed 
the  monoliydrated  acid,  because  the  anhydiide  N^O^j  with  water  forms  tliis  normal  nitric 
acid.     In  thi«i  ^m^-c  the  hydrate  HNO,t,iH,;0  i»  the  pentahydrated  acid. 
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of  its  oxygen,  forniing  lower  oxides  of  nitrogen,  which  impart  a.  red- 
brown  colour  to  it  ;  ^^  the  pure  acid  is  colourleaa. 

Nitric  acid,  as  an  ftriV/  hi/drate,  enters  into  reactions  of  double 
decomposition  with  bases,  ba,siL"  hydrates  (alkalis),  and  with  salts.  In 
all  these  cases  a  salt  of  nitric  acid  is  obtiiined.  An  alkali  and  nitric 
acid  give  water  and  a  salt ;  so,  also,  a  basic  oxitle  with  nitric  acid 
give^  a  salt  and  water;  for  instance,  KHO  +  KNO^^KNU^  +  H^O, 
or  with  lime,  CaO-l-2HNU3=Ca(NO;,)2H-H20.  Many  of  these  salts 
are  termed  nitres.**^  The  composition  of  the  oi-dinary  salts  of  nitric 
acid  may  be  expressed  by  the  general  formula  M(N03)„,  where  M 
imlicates  a  metal  replacing  the  hydrogen  in  one  or  several  (n)  eLjuiva- 
lents  of  nitric  acid.  We  shall  iinil  afterwards  that  the  atoms  M  of 
metals  are  equivalent  to  une  (K,  Na,  Ag)  atom  of  hydrogen^  or  tw«i 
(Ca,  Mg,  Ba),  or  three  (Al,  In),  or,  in  general,  n  atoms  of  hydrt>geii. 
The  naliH  of  ndtic  uf^id  aj^e  especially  characterised  by  lieing  all 
aoitdfle  in  water. ^^      From  the   property   common  t<:*  all    these   salts 


^'^  For  technical  and  laboratory  piiq>oH»*H  recourse  is  froqiu'ntly  luid  to  ml  Jitmimj 
nitric  acid — tkat  ii.^  the  nonual  nitrit:  acid,  HNOj,  containing  lower  oxides  of  iiitixigien  in 
iolution.  This  ticid  is  prepnred  by  dpcomposing  iiitrt*  with  half  ita  weight  of  utrong  »ul- 
phuric  tteiti,  or  by  dintilliDg  nitric  ticid  \vitli  im  c^xceHH  of  Kulphuric  add.  TW  iioritiAl 
nitric  ttcid  ie  first  obtuinod,  but  it  partially  decomposes,  unri  giveH  the  lowi*r  oxidA^Uoo 
productB  of  uitror^en,  whitih  are  ditisolvud  by  tb«  nitric  acid,  lo  which  they  impart  its 
UHUal  pide-brown  or  reddiBh  colour,  Thiu  luiid  fiuuct*  iii  the  air^  from  which  it  attrii^tft 
mointure,  fortuiug  u  less  volatile  hydrate.  If  carbonic  anhydride  be  paswd  through  the 
rtid^jrowu  fumiii^tj  nitric  acid  for  a  long  i>eriQd  of  time,  eHi^jeially  if  with  the  aid  of 
moderate  heat,  it  cxpela  all  tlie  lower  oxideu,  and  leavcB  a  ccdourlcB»  acid  free  from  the«e 
oxidea.  It  ib  necessary,  in  the  preporutioB  of  the  red  acid,  that  the  receivers*  should  be 
kept  qyito  cool,  lH*eaus«j  it  is  oidy  wbeti  cold  that  nitric  acid  m  able  to  diseolve  «l  large 
propftrtion  ctf  tb**  tLxidew  of  nitrogen.  The  Ktrcmg  red  fuming  i\cid  ban  a  tipecilic  gravity 
lT>tS  at  )^i)'%  and  bus  a  titiflocttting  smell  of  the  oxides  £>f  nitrogen.  When  the  red  acid  }a 
mixed  with  water  it  turnn  green  ajni  then  nf  a  bluish  colour,  and  with  an  exceaH  of  water 
ultimately  becomeH  coloiirleiss.  This  i*  owing  to  the  fact  that  the  oxiden  of  nitrogen  la 
the  [presence  of  wuter  and  nitric  acid  arc  t'banged,  and  give  coloured  tMjluti<ui», 

The  action  of  red  fuming  nitric  acid  (or  a  mixture  with  snlphuric^  acid)  is  in  ini^ny 
caeeR  very  powerful  and  rapid,  and  it  Hc^jnetime^  acts  ditTerently  from  pure  nitric  n^id* 
ThuB  iron  becomes  covered  with  »t  coating  of  oxides,  and  becomes  iin»ololde  in  acidn ;  it 
becomes,  an  is  aaidu,  piuiiiiTe.  Thu»  chromic  acid  (and  poliaH^iom  dichromate}  given  oxide 
of  chromium  in  this  red  acid — that  i»,  it  is  deoxidirted.  This  is  owing  to  the  presence  of 
the  lower  oxidcK  of  nitrogen,  which  are  capable  of  being  oxidised — that  is,  of  pastiing  into 
nitric  acid  like  the  higher  oxidetj.  But,  genentlly,  the  tiction  of  fuming  niirie  acid,  both 
red  and  colourlesti,  ih  posviirfully  oxidiiiing^ 

■*•  Hydrogen  iti  not  evolved  in  the  aeliou  of  nitric  acid  (especially  strong)  on  metals, 
even  with  thotie  metalu  which  evolve  hydrogen  under  the  action  of  otli*3r  acidw^  This  is 
because  the  hydrogen  at  the  moment  of  its  Hfiparatiun  reduces  the  nitric  aoid,  witli  fonnti- 
tion  of  the  lower  oxides  of  nitrogen,  as  we  hUiUI  aXterwards  t^ee. 

■^*  Certain  basic  salts  of  nitric  acid^  however  (for  example,  the  bamc  salt  of  biiraiuth), 
are  iuioluble  in  water,  whilnt,  on  the  other  band,  all  the  normal  i+idts  are  soluble,  ajid 
tliiH  forniii  lUi  exceptional  phenomenon  among  acidw,  because  all  the  ordinary  itcids  fotni 
iUHOluble  Halts  with  one  or  ano'ther  base.     ThuK,  for  sulphuric  acid  the  salts  of  liariutXLi 
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of  entering  iiito  double  decompositions,  and  owing  to  the  volatility 
of  nitric  acid,  they,  like  cubic  nitre,  evolve  nitric  acid  when  heated 
with  sulphuric  acid.  They  all^  like  nitric  acid  itself,  are  capable  of 
evolving  oxygen  when  heated,  and  consetju en tly  of  acting  like  oxidising 
substances,  and  therefore,  for  instance,  deflagrate  with  ignited  carbon, 
the  c^'irbon  burning  at  the  expense  of  the  oxygen  of  the  salt  and  forming 
gaseous  products  of  combustion.^*' 

Nitric  acid  also  enters  into  double  decompositions  with  a  number 
of  hydrocarbons  not  in  any  way  possessing  alkaline  characters  and  not 
reacting  with  other  acids,  Ihider  these  circumstances,  the  nitric  acid 
^ves  water  and  a  new  substance  termed  a  nitro-eompoujuL  The 
chemical  chamcter  of  the  nitro- compound  is  the  same  as  that  of  the 
original  substance  ;  for  example,  if  an  indifferent  substance  be  taken, 
then  the  nitro-com pound  obtiiined  from  it  will  also  be  indifferent ; 
if  ail  acid  be  taken,  then  an  acid  is  obtained  ali^.  Benzene, 
C^Hg,  for  instance,  acts  according  to  the  equation  CgH,--!- HNO3 
s=  H  2O  +  Cjj  H  ,^  N  O  .J .  N  i  t ro be n  ze  nc  i  s  p rod  a  ee  tL  The  i^  ub^i  tanc e  tak  e  n, 
CgH^,  is  a  liquid  hydrocarbon  ha\  iiig  a  faint  tarry  smeil,  boiling  at  80^, 
and  lighter  than  w*ater  ;  by  the  action  of  nitric  acid  nitrobenzene  is 
ubtained,  Avhit^h  is  a  substance  boiling  at  about  210^,  heavier  than 
water,  and  having  an  almond-like  iwlour  ;  it  is  emph»yed  in  large 
quantities  for  the  preparation  of  aniline  and  aniline  dyes,^^  As 
they  contain   both  combustible   elements  (hydrogen   and  carbon),   as 

lead,  Ac,  for  hydrochloric  acid  the  ttalts  of  nilver,  ttc,^  are  riiHoluble  in  water*  How- 
ever, the  uomml  feUiltK  at  neetic  ekud  certain  other  ooidn  iire  nil  i-oluble. 

^  Ammonium  nitrate,  NH4NO3,  is  eAHily  ohUlued  by  luldiiiji^  li  eMtlution  of  am* 
numifi  or  of  limmoniuui  carbonate  to  nitric  tu:id  until  it  becomcB  uetitriU.  On  eviLpD> 
irftiiug  thin  solution  cry t^talHi.  of  thei  salt  are  formed  w  bich  cuntain  ito  water  of  eryHttiliisation. 
It  cryistalligeA  in  priwniH  like  those  formed  by  conimon  nitre,  and  haa  a  refreshing  taate  ; 
IIX)  partH  of  wat4*r  at  t  dissolve  fi4  +  00H  part*  by  weight  of  the  suit.  It  ia  (^kolnblo  in 
aJcoholf  fueltiii  at  K^O-'- ,  atid  ih  decomprii^tMl  at  uhout  1HU°^  forming  wati^r  and  nitrous  oxide, 
NH^NOj^'iH/J  +  NjO.  If  animouium  nitrate  be  mixed  with  sulphuric  acid,  and  the 
mixture  be  heated  at  aboi;t  the  boiling  point  of  water,  then  nitric  acid  is  evolved,  and 
amiiioniuin  hydrogen  Kulfdiate  reanains  hi  Holuitou  ;  but  ii  the  inixtnre  be  heated  nipidly 
to  160"^,  then  nitroufl  oxide  in  evolved.  Iti  the  Erst  ca^e  the  sulphuric  acid  taken  up 
ammonia,  and  in  the  second  place  wattir.  Animaniuiu  nitrate  is  employed  in  practice  for 
th«  artificial  prrjduction  of  culd,  Wcauee  in  diMsolving  in  water  it  lowers  the  temperature 
very  cotiBiderahly.  For  thib  purpom?  it  it?  best  to  take  eijual  part>5  by  weight  of  tli<?  Bait 
juid  water.  The  salt  mu»t  Hrnt  be  reduced  to  a  powder  and  then  rapidly  fttirred  up  in 
the  water,  when  the  temperature  will  fail  from  +  15^'  to  — 10*^,  bO  timt  the  water  freezes, 

Amninnium  nitrate  ulmorbs  iunmonlii^  witJj  which  it  forinn  undtable  compounds 
nfseiijbling  cotn|umndH  containing  water  of  cryBtalliaation.  At  —10  NH4N03,aNHj  ia 
formed  ;  it  is  a  liquid  of  sp*  gr,  1"50,  which  loses  idl  i  Is  aimnonia  under  the  itiUlnenee  of  heat. 
At  -*  'iH^  NH^NOj.NU*^  is  formed  :  it  is  a  solid  which  eaaily  parts  with  its  ammonia  when 
heated,  especially  in  solution, 

^  The  action  of  nitric  acid  on  cetlutose,  CeH,^}^  ia  similar.  This  nubstanoe*  which 
iorms  the  outer  coating  of  all  plant  eeUs^  uccara  iu  ao  almost  ptir«  state  in  cottoiii  in 
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well  as  oxygen  in  unstable  combination  witb  nitrogen^  In  the  form 
of  the  radicle  NO^  of  nitric  acid,  the  nitro- com  pounds,  when  ignited  or 


eommou  writrng-pttptir^nnd  in  flux,  ttc. ;  undc^r  tbe  actiiui  of  nitric  acid  it  forms  water  lUid 
nitrocelluloMJi  wliich,  ultliouji!;ii  it  Iiilh  the  Hiutie  Appeariitice  auithe  cotton  ori^Lnuily  taken, 
clifferii  from  it  entirely  in  |iropertit}e.  It  explodes  when  Btnick^  bursts  iiito  tLnme  very 
eiLBily  niid«r  the?  uotian  of  Kpivrks,  Aiid  acts  like  gucpowder,  whence  \i^  nuuif  «»f  pyroity- 
lin,  or  guu-cotton.  Thu  compcjftition  of  ^incotfcon  is  Ci5H7N:/-^ii  =^Q^^ioOi^^^liOs 
—  aajO.  The  proportion  of  the  group  NOj  in  nitrocelliilose  mtvy  be  decreAsed  by  ILmiting 
the  action  of  the  nitric  acid,  and  a  conii>ouiid  is  obtained  which  Imriia  without  fxploaioni, 
although  it  is  capable  of  bursting  into  flame.  Thin  substance  when  diwsolved  in  a  mtx- 
ttire  of  alcohol  and  ether  is  called  collodion.  The  »oJlution  when  iMured  on  to  any 
tiurfatce  loae»  iiU  tht'  vihvT  and  alcohol  I>y  evii[>orHtiou,  and  leaveH  an  amorplious  inasB  in 
the  h>rni  of  a  tranj^parent  membrane  inrtoluble  in  wuter,  A  ftolution  uf  colloehon  is  em- 
ployer! in  medicine  for  covering  wonnrltt,  >tnd  in  wct-pltite  phtit(>^apliy  ff>r  giving  on  glii«& 
on  even  coat  of  a  atibutance  into  which  tlie  various  reagents  employed  in  the  process  are 
introduced^ 

The  property  posseesod  by  nitroiglyccrin  (occurring  in  dynomito),  nitrocelJtilotte, 
and  tlie  other  nitrocom pounds,  of  burning  with  un  **3tploflifjn  tleixnids  on  the  reaaoiia 
in  virtue  of  which  a  mixture  of  nitre  and  charcoiil  dertagriiiteti  und  exph.Kio4i;  in  both, 
caneti  the  element**  of  the  nitric  acid  mcuirring  in  the  compound  ure  decompo«?d, 
the  oxygen  in  buriiinj<  unites  with  ilw  t:ail>on,  jiod  the  nitruj^en  in  set  free;  thus  n  very 
large  volume  of  gti^^'ous  Bubstancea  (nitrogen  and  oifideH  of  carbon)  in  m]>idly  formed 
from  the  Bolid  siibHtunceH  originally  taken.  These  ffi&eti  occupy  an  incomparably  hirg«r 
volume  than  the  original  RUbHtance,  and  therefore  produce  u  pow**rful  pressure  and 
expIoHion.  It  is  evident  that  in  eiiplodiug  with  the  development  of  heat  1,tlmt  U,  tu 
deconi polling,  not  with  the  abaorption  of  energy,  as  h  generally  the  case,  bnt  with  the 
evolution  of  energyj  the  iiitro-compnunda  form  stores  of  energy  which  are  easily  i*et  tme^ 
tttid  that  consequently  their  elementn  occur  in  a  state  of  particularly  energetic  move-  | 
ment,  which  i»  eMi>ecially  strong  in  the  group  NOj;  thij*  j^oup  is  common  to  all  nitro- 
ctunpounde,  and  all  the  oxygen  comi>oundH  of  nitrogen  are  unt^tahle,  easily  decoin- 
poMidile,  and  {Note  23)  abBorb  hent  in  their  fomnition.  On  the  other  bAnd^  the  nitm- 
fompoundti  are  inetructive  as  au  extimpk  and  prrxjf  of  the  fuct  that  the  elements  and 
groups  forming  coniiwunde  aru  united  in  definite  order  in  the  mcileculea  of  a  com- 
jwund.  A  blow,  concussion,  or  riae  of  t<<iDperature  is  nec4>ttsary  to  bring  the  com-  ' 
buntible  elemcntB  C  and  H  into  the  most  intimate  eontiict  witb  NO^j,  and  to  diHtrtbute 
the  elements  in  a  new  order  in  new  compounds, 

As  regards  the  compoHiition  of  the  nitro-compouuds,  it  will  be  seen  tluit  tlie  hydrogen 
of  a  given  Kubstance  is  replaced  by  the  complex  group  XOj  of  the  nitric  acid.  The  sukuif) 
is  observed  in  the  passage  of  alkalis  into  nitratew,  ko  that  tlie  reactions  of  substitution  of 
nitric  acid^ — that  in,  the  formatiun  of  waits  and  nitro-comiwunds— may  be  expressed  in 
the  following  ni4Uinur.  In  these  cai^e  the  hydrogen  is  re[jlAced  by  the  so-culled  radicle 
of  ntlric  acid  NOj,  as  is  evident  from  the  following  table  :— 


I  Caustic  potoah    . 
iNitr*  .     .     . 

I  Hydrate  of  lime 
I  (.-aleiuin  nitrate  . 
J  Glycerin     . 
(  Nitroglycerin 
J  Phenol       .    -     . 
I  Picric  acid     .     . 


Klia 

KlNOnilO. 

CaHjO,. 
Ca(NO.j).O.j. 

CyHaOH, 
CoH2lNO.>).^OH,  *Jfcc. 


The  diflerence  between  the  aalts  formed  by  nitric  acid  and  the  uitro-coinpcinndH  eon 
llUti  tu  the  fact  that  nitric  acid  is  very  easily  he^tarated  from  the  salts  of  nitric  acid  Ujrl 


COMPOUNDS  OF  NITROGEN  WITU  m'DROGEX  AND  OXyGEN      2(39 


even  struck^  decompose  with  an  explosion,  owing  to  the  pi-essure  of  the 
vapours  and  gase^  formed — free  nitrogen,  carbonic  anhydride^  and 
aqueons  vapour.  In  t!je  explosion  of  nitro- compounds  much  heiit  is 
evolved,  as  in  the  combustion  of  gunpowder  or  detonating  gas,  and  10 
this  cose  the  force  of  explosion  in  a  closeii  spa^^e  is  great,  because  from 
a  solid  or  licpiid  nibro-com pound  occupying  a  small  space  there  proceed 
vapours  and  gases  whose  elasticity  is  gre^it  not  only  from  the  small 
space  in  which  they  are  formed,  but  owing  to  the  high  tem|>eraturo 
corresponding  to  the  cumbustiou  of  the  nitnr* compound.^* 

The  combustion  of  nitrii-compounilsj  as  weli  as  that  which  niti-ates 
bring  about  (iu  gunpowder),  originates  in  the  weakness  of  the  Ixmd 
which  holds  together  the  oxygen  and  nitrogen  in  nitric  acid  itself,  as 
well  as  in  all  the  oxygen  compounds  of  nitrogen.  If  the  vapour  of 
nitric  acid  is  passed  through  an  even  moderately  heated  glass  tul»e,  tho 
formation  of  dark  brown  fumes  of  the  lower  oxides  of  nitrogen  and  th© 
separation  of  free  oxygen  may  be  obser\^ed'^2NH03^H5O-h2NO^H-  O. 
The  deconjpositicjn  is  complete  at  a  white  heat—  that  is,  nitrogen  is 
formed,  2NHU3=H-tOH-N3  + 0;;.  Hence  it  is  easily  understood 
that  nitric  acid  may  part  w^ith  its  oxygen  to  a  number  of  substances 
capiiljle  of  being  oxidised. ^^^  It  is  consequently  an  oxidisiufj  nffniL 
Charcoal,  as  we  have  already  seen,  bums  iu  nitric  acid  ;  phosphorus, 
sulphur,  iodine,  and  the  majority  of  metals  also  decompose  nitric  acid, 

meAnH  of  Hulphuric  acid  (that  ih^  by  a  method  of  iloiible  tialiiie  decompoiiition],  whikt 
nittie  tH-'kl  in  not  displaced  by  «nlpliuric  acid  from  true  iiitro-compouiidi ;  for  instiuiee, 
nitrobenzene,  C'dHj  NOj.  As  nitro-compoundi}  ♦ire  Formed  exelnaively  from  hjdroeiu'bon», 
lh«y  Jiff  deftcribod  with  thorn  in  orifAnic  chemistry. 

Thtj  jjjrtuip  NO.3  of  11  itrO'tom pounds  in  miiny  taneH  (like  nil  the  oxidised  compoundb  ot 
nitrogen)  poHjwjs  into  the  dmmoni**  grroup  or  inU^  the  amiuonift  radicle  NH.^.  It  is  evident 
thiU  tbi*t  requires  the  iRtion  of  redacing  «u)>gtauc6rt  evolving  hydrogen:  RNOj  +  SH 
=  RNH5  -r  aH^O.  Thufe  Zinin  converted  nitrobenzene,  C^Hi"NOj»  into  aniUne,  CcHa'NH-i, 
by  the  itction  of  hydrogen  *ialphide. 

Admitting  tlie  exi«>te:nee  of  the  group  NO.j.,  replflcinf;  hydrogen  in  v&riouB  compounds, 
tbtoi  nitric  acid  may  be  coniiidered  ii»  water  in  which  biUf  the  hydrogen  is  replaced  by 
the  radicle  of  nitric  acid.  In  this  Ben»e  nitric  ucid  tn  nitrn  water,  NO.jOH,  itni  linhydrido 
dinitro^ water,  (NOj^jO,  and  nitrous  acid  nilrodiydrogen,  NO.^H.  In  nitric  acid  the  radicle 
of  nitric  ihctd  i»  combined  with  hydroxy  1,  just  a^  in  nitrohenxeno  it  in  comhijied  with  the 
radicle  of  benitene* 

It  nhould  here  bo  rointtrked  that  the  group  NO3  may  be  recognised  in  the  Bolts  of 
nitric  acid.  tKHaiise  th*'  Rttlts  have  the  compotiition  M^NO^},,,  just  jl«  the  metallic chloridi*» 
have  Lbf  couipoHiiion  Mt'l„.  But  the  Ki**>up  NOj  doca  not  form  any  other  conipoiinds 
tnayond  the  i>.tk\ts,  and  therefore  it  ahould  be  considered  a&  hydroxylf  HO,  in  which  U  is 
replifcced  by  NOj* 

**  The  nitrocompound**  play  m  very  imporUuit  part  in  mining  and  artiiler^%  Dt!ti^il<*d 
■ocountK  of  them  mii*t  be  looked  for  in  speciij  work^.  The  niofit  inipoi  tunt  atid  hmU^ri- 
C!*l  work  iu  thin  conntHition  is  due  to  Berthelot^  who  tducldated  nmeli  in  coiujcctJon  with 
explosive  compoundn  by  a  bcrien  of  both  exix^rimciital  tind  tJteoretical  researches, 

^  Nitric  acid  mny  be  «utirdy  decomposed  by  passing  ita  vap^jur  over  highly  iuciwi- 
dmceiii  copper,  hectkum  the  ox.idea  of  nitroifen  Urst  formed  give  up  their  oxygen  to  the 
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some  oil  heating  and  others  even  at  the  oiiiinary  temjierature  ;  the  ' 
substances  taken  are  oxidised  and  the  nitric  acid  is  deoxidised,  yielding  ) 
compound!*  containing  less  oxygen.     Only  a  few  nietalsj  such  as  gold 
and  platinum,  do  not  act  oji  nitric  acid,  but  thn  majority  decompose  it  ; 
in  so  doing,  an  oxide  of  the  metal  is  formt^d,  which,  if   it  has  the  | 
cliaracter  of  a  base,  acts  on  the  remaining  nitric  acid  ;  therefore,  with 

red-kot  tnetallie  copper,  so  tlmt  water  atid  lutrogen  gim  rtloric  nt'^  obtained.     This  fomia  , 
ii  iiKHiiiK  for  dettirmiumg  the  cuDipoHJtioi)  both  of  iiitrie  ueid  and  of  iiU  the  other  com- 
ponnda  of  nitrogen  with  oxygen,  becAniiG  by  coUeotiug  the  gaaeoua  nitrogen  foruied  it  w  j 


ti<i.  43.— idf  njeUioil  ut  *liH.viu[Nj*itiuauI  idtrouti  o.n]iviJf  iiK  i4L«i>  ap|ilicn^«lc  to  thft  other  ojcidcs  of 
iiltroifMu  Etrnl  to  t[)K-iraiuilyii^.  Xt),  i^  gi-tu'ruUHl  from  iiitmr*!  uf  knwllti  t  lie  retort.  A  Xjtrk 
lUJid  Aii4  utJitr  lijij^  volfttil^f  prtMhuU  iirLf^oiirhuw.1  iu  B.  The  tube  CC  lontjiJuf.  cuptjcr,  tvtui  i» 
Iieatftl  rrtiiii  liL'iow,  LTinicccjiniti^eil  %'ot»tiI<?  pnMlueta  (If  lujv  arc  htrtue.!)  uru  t>f*ij(k>iise*l  i«  D 
which  ia  ocKtlwL  11  tho  di<»oiiiH'*iltkiii  tw  iiscamplete,  brnw  n  fumes  make  their  apne^inuicc  Ui  fclila 
receiver.    The  gasetma  nitro&eii  is  coUec-ted  iu  the  ♦?>  Under  E. 


poflsible  to  calculate,  from  its  volume,  its  weight  and  ijon»equently  it»  amount  iu  a  given 
qiiMitity  of  li  nitrogeneouH  HuhHtunce.  and  by  weighing  the  t^opper  before  antl  after  the 
decmiipohitiou   it   ie   ptJSHihle  to  determine  the  lunoant  of  oxygen  by  the  inereu-He  in 

weight.  For  nitric  acid  thia  do- 
compoKition  h  expreH8«d  by  the 
et| tuition  iiHNOj  +  5Cn  ^  HjO  -f 
N.j  +  5CuO,  This  reaction  must 
ht'  precwhid  by  the  formntion 
of  cop^wr  oitrnte,  CulNOj)^,  be- 
caus<*  oxide  of  copiaer  forms  tbii 
Bait  witli  nitric  acid.  Thiw  »iilt  m 
verj'  urij* table,  and  evolves  oxy- 
gen  aiKl  oxides  of  nitrogi^n  aI  i^ 
reil  hetit.  The  coniph?t«  decom* 
poHitiou  of  nitric  Hcid  ih  al«o 
accfimpliBhed  by  paswing  a  mix- 
turi!  of  hydrogen  and  nitric  *cid 
\iipourH  through  a  red-hot  tube, 
guHtona  nitrogen  being  formed 
Hoflinni  hIho  decompos^B  the  oxides 
This  method  la  sometimes  UH«d  for 


Fid,  40,— DceoiDiKt^it 


(111  oi  iiiLnnii  oxide  by  »lh11ujui> 


at  the  expense  of  the  oxidation  of  the  hydrogen, 
of  nitrogen  at  a  red  heat,  taking  up  nil  tlie  inxygeii 
determining  tlie  eomiwaition  of  tlve  osrides  of  nitr<5gen 
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metals  the  result  of  the  reaction  is  usually  not  an  oxide  of  the  metal, 
but  the  corresponding  smU  of  nitric  acid,  and»  at  the  same  time,  one  of 
the  lower  oxides  of  nitrogen.  The  resulting  salts  of  the  metals  ai-e 
soluble,  and  hence  it  h  said  that  nitric  acid  dUsolms  nearly  all  metals.**' 
This  case  is  termed  the  solution  of  mewils  by  acids,  although  it  is  not  a 
case  of  simple  solntioti,  but  a  complex  chemical  change  of  the  substances 
taken.  When  treated  with  this  acid,  those  metals  whose  oxides  rlo  not 
combine  with  nitnr  acid  yield  the  oxide  itself,  and  not  a  salt ;  for 
example,  tin  acts  in  this  manner  on  nitric  acid,  forming  a  bydroua 
oxidcj  SnH.iOg,  whieh  is  obtained  in  the  form  of  a  white  |^>owder, 
Sii+4NK03=H.SnO^-h4N0a  +  H2O.  Silver  is  able  to  take  up  still 
more  oxygen,  and  to  convert  a  large  portion  of  nitric  acid  into  nitrous 
anhydride,  4Ag  +  OHN03^4AgNO,,  +  N.O.^  +  3H,0.  Copper  takes 
up  still  more  oxygen  from  nitric  acifl,  convei'ting  it  into  nitric  oxide, 
a  perfectly  colourless  gas  ;  and»  by  the  action  of  zinc,  nitric  acid 
is  able  to  give  up  a  still  further  ijuantity  of  nitrogen,  forming  nitrous 
oxide,  4Zn+10NHO.t  =  4Zn(NO3)3  +  N.p  +  5H.jO.*^  Sometimes,  and 
especially  with  dilute  solutions  of  nitric  acid,  the  deoxidation  pm- 
ceeds  as  far  as  the  formation  of  hydroxy  lam  ine  and  ammonia,  anti 

^  The  iip|iUcatioTi  of  Uiis  acid  for  eU'hiiii?  clipper  or  atecl  in  etigra^viiijir  ift  based  on 
this  fftct.  The  copper  is  covered  with  &  ecmtiiig  of  wajL,  rvHiti,  etc.  (etohitijf  ground),  on  which 
nitric  »icid  dociKnot  act,  and  then  the  ground  is  removed  in  c<?rt&in  pttrts  with  a  iieedlf-,  and 
tbt*  whole  i«  WH«hed  in  nitric  acid.  The  party  covered  with  the  gronnd  renmin  nntouched, 
wkil&t  the  uncovered  portinnH  are  cMiten  into  bir  tlie  acid.  Copper  plates  for  etching§, 
aqaatinle,  itc.^  are  prepiirfd  in  thiw  nutnnet. 

*T  Thu  fonnatlnn  of  wnch  coniplex  cqimtionfi  ae  tlie  above  often  prewpiits  some  diffl- 
cllUy  to  the  Iw'ginner.  It  should  be  obsf^rveil  that  if  the  rea^^ting  and  restdtont  sub 
iftances  bi*  known,  it  is  easy  to  form  an  t'quation  for  the  reiiction.  Thus,  if  we  wiida  to 
form  an  etiuatitui  expresHing  the  reaction  that  nitric  tuid  acting  on  Jtim'  gives  nitrous 
oitide.  N.^.O,  and  zinc  nitrate, Zn(XO,-^)^,  we  must  rea^ion  a«)  follows:— Nitric  atid  cont^iins 
hydrot^eu,  whilst  the  salt  and  nitrouH  oxide  do  not ;  hence  water  ih  fomied,  and  therefore 
it  ia  as  though  aidiydrtnia  nitric  acid»  N jO-,,  were  acting.  For  its  conversion  int<i  nitrotis 
oxide  it  parte  with  four  equivalentu  of  oxygen,  and  hence  it  is  able  Uj  oxidise  four  eqni- 
valenta  of  zinc  and  to  convert  it  into  zinc  oxtdc*,  ZnO.  Thest?  four  equivalents  of  zinc 
oxide  require  for  their  converaion  into  the  salt  four  more  equivalents  of  nitric  anhydride, 
consequently  five  equivalents  in  all  of  the  latter  are  required,  or  ten  equivalentri  of  nitric 
miid.  Conaequently  t<.»ii  equivalents  of  iiitric  acid  are  necei;BAry  for  four  equivatenta  of 
«inc  in  order  to  ezpresa  the  reaction  in  whole  oquivalentn.  It  must  not  be  forgotten, 
however,  that  there  are  very  Ivw  such  reactions  which  can  be  entirely  expretise^l  by  simple 
equatiimf^.  The  majority  of  oquationa  of  reactiona  only  expresit  the  chief  and  ultimate 
products  t»f  reaction,  and  tliu«  none  of  the  throe  preceding  equations  expreaa  all  that 
in  ruidity  occura  in  the  action  of  metals  on  nitric  acid.  In  no  one  of  them  is  only  one 
oixide  of  nitn>gen  formedj  hut  always  Hcveral  togt?tlier  or  ctmsecutively^one  after  tlie 
other,  aooording  to  the  temperature  and  ntrength  of  the  acid.  And  this  ia  easily  under- 
stood, The  resulting  oxide  is  itself  capable  of  infltiencing  nietali^  liiid  nf  being  deoxidised, 
•od  in  the  presence  of  the  nitric  acid  it  may  changt!  the  acid  and  be  itself  changed.  Tho 
•qttations  given  most  be  looked  on  a^  a  systematic  expression  of  the  main  aBf)ecta  of  re- 
actions. Further,  these  reactions  vary  coUBidctably  with  different  temperatures  and 
varying  strengths  of  acid. 
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sometimes  it  leads  to  the  formation  of  amtnotiia  itself.     The  formation  ^ 
of  one  or  other  nitrogenous  substance  from  nitric  acid  is  determined 
not  only  by  the  nature  of  the  re^icting  substances,  but  also  by  the] 
relative  mass  of  water  and  nitric  acitl,  and  ako  by  the  temperature  and  ' 
pressure,  or  the  sum  total  of  the  combtions  of  reaction  ;  and  as  in  a. 
given  mixture  these  conditions  even  vary  (the  temperature  and  the 
relative  mass  vary),  therefore  a  mixture  of  different  protJucts  of  the 
deoxidation  of  nitric  acid  is  not  unfrequently  formed. 

Thus*  the  action  of  nitric  acid  on  metals  consists  in  their  being 
oxidised,  whilst  it  is  itself  cuiiverted,  according  to   the  temperature,  i 
concentration  in  which  it  is  taken,  and  the  nature  of  the  metal,  ifec.J 
into  either  lower  oxides,  or  even  into  ammonia.'*^     Many  componnds' 
are  oxidisetl  by  nitric  acitl  like  metals  and  uther  elements  ;  for  instance, 
lower  oxides  are  converted  into  higher  oxides.     Thus,  arsenioua  acid  is 
con  verted  into  arsenic  acid,  suljoxide  of  iion  into  oxide,  sulphurous 
acid  into  sulphuric  acid,  the  sulphides  of  the  metals,  M58,  into  stdphates, 
MySiJ^,  JErc-  ;  in  a  worrl,  nitric  acid  brings  about  oxidation,  its  oxygen 
is  taken  up  and  transferred  to  many  other  substances.     Certiiin  sub- 
stances are  oxidised  by  strong  nitric  acid  so  rapidly  and  with  so  great 
an  evolutioi^  of  heat  that  they  deflagrate  and  burst  into  flame.     Thus 
turfientinej  CjuH^;,  bursts  into  llame  when  poured  into  fuming  nitric 
acid.       In  virtue  of    its   oxidising    property,    nitric    acid   reftioves 
hydrofjen  from  many  substances.     Thus  it  tleconiposes  hydriodic  acid 
sejiiarating  the  iociine  and  forming  water  j  and  if  fuming  nitric  acitl  1* 
poured  into  a  tlask  containing  gaseous  hydriodic  acid^  then  a  rapid 
reaction  takes   place,    accompanied   by  tiame  and   the  separation 
violet  vapours  of  itKline  and  brown  fumes  of  oxides  of  nitrogen.*^ 


**  It  is  obtJ-erved  tlmli  iioriual  nitric  iitid  ojiidiw?8  many  iiietntlsi  with  rtmcli  gT&att 
tiifficlilty  tlititi  ivlipn  fliluted  witb  wat«r;  iron,  en|n>er,  aiiid  tin  are  very  family  oxidised  by 
diluU^  nitric  acid,  but  rL^main  unaltered  mider  thw  iuflQent'ti  of  moiiohydrrtted  uitriu  iu;id 
or  of  the  pure  hydrute  NHQ,.  Nitrip  atud  diluU-d  with  a  brge  quuutity  of  water  doe 
not  oxidiB©  coppt^r, but  it  oKidiaeH  tin;  dUut«  nitrie  atid  alfto  dtMiB  not oxidiiM? either  «dve 
or  mercury ;  but, on  th«  addition  of  nilmns  nrid,  even  dilut-t*  a*!id  kttts  on  tlie  ftkne  metulflh 
TliiB  naturally  depends  on  the  smtilkir  ntubility  of  iiitrou^i  uL'id»  imd  on  the  fact  that  afterl 
the  eommcmcement  of  the  iWL'tton  the  nitrieacid  ia  itself  converted  into  introunm;id, which 
cnntinuen  to  act  on  the  Jiilver  Htid  mercury. 

4S  Wht?n  nitric  acid  acts  ou  many  organic  BubntjinceM  it  oft«n  bnpp4^ii»  that  not  onlf 
ia  hydrogtin  removed,  but  also  oxygen  ia  lonibined ;  thuR,  for  example,  nitric  acid  coit-j 
verti*  toluene,  C7H5,  into  benzoic  acid,  C^HuOj,      In  i^ertiiin  casea,  aho,  a  portion  c  " 
the  cftrhon  contiiitied  in  an  organic  HubHtanee  boniH  «t  the  t^xpen^e  of  the  oxygen  of  Ih 
nitric  acid.     St»,  for  instance,  pbthaUc  acid,  CaHflO^,  iet  obtained  from  uftphthaleiic,  CioH«4 
Thuii  the  action  of  nitric  acid  *in  the  hydroearbouh  ii*  often  ustmt  complex;  there  laketfj 
placfi^  (bcHidcH  nitrification)  the  Bepanition   of  ciirbon,   the   displacement  of   hydrog^Q 
itnd  the  ciandnnation  of  ojtygen.      There  are  few  organic  Hubr^tanccB  which  can  witl 
litaod  the  action  of  nitric  acid.     Hence  nitric  twid  acts  in  a  powerfully  tra»flforming1 
manner  on  a  nuiribcr  of  orgamc  MubstaJicet}.    It  leAves  a  y(«Uow  stttia  on  the  akin,  and  t& 
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As  nitric  ftciil  is  very  easily  decoinposetl  with  the  separation  of 
oxygen,  it  was  for  a  long  tiiue  suppose^l  that  it  was  not  capable  of 
forming  the  corresponfliiig  nitric  tutht/dride^  ^^/^is  '»  h^^  ti**^t.  Deville, 
and  then  Weber  and  others,  discovered  the  methods  of  its  furmation. 
Deville  obtaine<l  nitric  anhydride  by  decomposing  silver  nitrate  by 
chlorine  under  the  influence  of  a  motlerate  heat.  Chlorine  acts  on  the 
Hlx.ve  salt  at  a  temperature  of  95"^  (^AgXCa-fCLj  s=  2AgCl  +  N/J.ij  +  O), 
and  when  once  the  reaction  is  started  it  continues  by  itself  without 
further  heating.  Brown  fumes  are  given  off,  which  are  condensed  in  a 
tube  surroumled  by  a  freejcini^-mixture.  A  portion  condenses  in  this 
tube  and  a  pirtion  remains  in  a  gaseous  state.  The  latter  contains 
free  oxygen.  A  crystalline  mass  and  a  litjuid  substance  are  obtained  in 
the  tube  ;  the  liquid  is  poured  i»if,  and  a  current  of  dry  carbonic  acid 
gas  is  passed  through  the  apparatus  in  order  to  i*emove  all  traces  of 
volatde  substiincea  (liijuid  oxides  of  nitrogen)  adhering  to  the  crystals 
of  nitric  anliytlride.  These  form  a  voluiniuous  mass  of  rhombic  crystals 
(density  1*64),  which  sometimes  are  of  rather  large  size  ;  they  melt  at 
about  30"  and  distil  at  about  47^*  In  distilliogi  a  portion  of  the  sub- 
stance is  decomposed.  With  water  these  crystals  give  nitric  acid. 
Nitric  anhydride  is  also  obtained  by  the  action  of  phosphoric  anhydride, 
P^Oft,  on  cold  pure  nitric  acid  (below  0°),  During  the  very  careful  dis- 
tillation of  equal  parts  by  weight  of  these  two  substa.nces  a  portion 
of  the  acid  decomposes,  giving  a  liquid  compound,  H^^O^SNaO^i 
^N205/2HN03»  whilst  the  greater  part  of  the  nitrie  acid  gives  the 
anil y  d  ride  accord i  n  g  to  the  e<  [  u  at io  n  2  N  H O3  -H  P 1 0  c,  =  2  P  H O3  -h  N  ,jO  5. 
On  heating,  and  sometimes  even  spimtaneously  with  explosion,  nitric 
anhydride  decomposes  into  nitric  peroxide  and  oxygen,  N3O5 
=NaO^H-0. 

N^Urogen  peroxide^  NjOj,  and  nitrogen  diomdef  NO.^^  expi-ess  one 
and  the  same  composition,  but  they  should  be  distinguished  like  ordinaiy 
oxygen  and  ozone,  although  in  this  case  their  mutual  conversion  is 
more  e^tsdy  accomplished,  even  by  vaporisation ;  also,  O3  loses  heat  in 
passing  into  0,^,  wldlst  N^O^  absorbs  heat  in  forming  NOj. 

Nitric  acid  in  acting  on  tin  and  on  many  organic  substances  (for 
example,  starch)  gives  Itrown  vapoui's^  consisting  of  a  mixture  of  N^Oj 
and  NO-j.  A  p^rer  pi*oduct  is  obtained  by  the  decomposition  of  lead 
nitrate  by  heat,  Pb(N03)j|=2N02-fO-f  PbO,   when  non-volatile  lead 


u.  Lurge  quiiDtity  caoseti  a  womid  and  entirely  eats  awtiy  the  membranei^  of  the  body. 
The  menibraneft  of  pljuitK  lure  m^Um  into  witli  the  greatest  cah**  by  strong  nitric  ftcid  in 
jasi  tht.'  »ame  mAnner.  One  of  the  most  durable  blue  vegetAblo  dyes  which  is  employad 
ill  dyeing  Ui^ueii  i»  indigo^  yet  it  is  eoaily  converted  into  a  yellow  substance  by  the 
iM:tioii  of  nitric  acid,  and  small  iracee  of  free  nitric  acid  may  be  reooguiiied  by  this  meana, 
VOL.  1.  T 
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OKide,  oxygen  gas,  and  nitrogen  peroxi<ie  ai'e  formed.  The  latter,  in  a 
strongly  cooled  vessel,  condenses  into  a  brown  liquidj  which  hoUs  at 
about  22*^3  The  purest  peroxide  of  nitrogen,  solidifying  at  —9^,  is 
obtained  when  dry  oxygen  is  mixed  in  a  freezing- mixture  with  twice 
its  volume  of  dry  nitric  oxide-,  NO,  when  transparent  prisms  of  nitrogen 
peroxide  are  formed  in  the  receiver  ;  they  melt  into  a  colourless  liquid 
at  al>out  —  lO'**  When  the  tempei-ature  of  the  receiver  is  above 
— 9°f  the  crystals  melt,*'  and  at  0^  give  a  reddish -yellow  liquid,  like 
that  obtained  in  the  decomposition  of  lead  nitrate.  The  vapours  of 
nitrogen  peroxide  have  a  characteristic  o^lour,  and  at  the  ojxltnary 
temperature  are  of  a  dark-lirown  colour,  but  at  louver  temperatures  the 
colour  of  the  vapour  is  much  fainter.  When  lieated,  especially  above 
bO^f  the  colour  becomes  a  very  dark  lirowm,  so  that  the  vapours  almost 
lose  their  transparency* 

The  causes  of  these  peculiarities  of  nitrogen  peroxide  were  not  | 
clearly  understood  until  Deville  and  Trooste  determined  the  density 
and  dissociation  of  the  vapour  of  this  substance  at  different  temperatures, 
and  showed  that  the  density  varies.  If  the  density  be  referretl  to  that 
of  hydrogen  at  the  same  temperature  and  pressure,  then  it  is  found  to 
vary  from  38  at  the  boiling  point,  or  about  2  7"^,  to  23  at  135**,  after 
which  the  density  remains  constant  up  to  those  high  temperatures  at 
whicli  tlie  oxides  of  nitrogen  are  decomposed.  As,  on  the  basis  of  the 
laws  enunciated  in  the  folluwing  chapter,  the  density  23  corresponds 
with  the  compound  NO,j  (because  the  weight  corresponding  witli  this 
molecular  formula^ 4 (»,  and  the  density  referred  to  hydrogen  as  unity  is 
equal  to  half  the  molecular  weight),  therefore  at  temperatures  above  1 35** 
the  existence  of  nitrogen  dioxide  only  must  be  recognised.  It  is  tliis 
gas  which  is  of  a  brown  colour.  At  a  lower  temperature  it  forms 
nitrogen  peroxide,  N.^O^,  whose  molecular  weight,  and  therefore  density, 
is  tw^iee  that  of  the  dioxide.  This  substance,  which  is  isomeric  with  \ 
nitrogen  dioxide,  as  ozone  is  isomeric  with  oxygen,  and  has  twice  as 
great  a  vapour  density  (46  referred  to  hydrogen),  is  formed  in  greater 
quantity  the  lower  the  temperature,  and  crystallises  at  — 10°.  The 
reasons  both  of  the  variation  of  the  colour  of  the  gas  (N.^Oi  gives 
colourless  and  transparent  vapours,  whilst  those  of  NO^  are  brown  and 
opaque)  and   the  variation  of  the  vapour  density  with  the  variation  of 

**  AccortliDp  to  certftiii  invfHtigfttions,  if  a  brown  liquid  ib  formed  from  the  melted 
cryBiois  by  heating  above  —  U'^,  then  they  no  longer  solidify  &i  -  10^,  probably  beciiUfle  n 
certain  amount  of  Nri05  (ttiid  oxygen)  is  formed,  lUtd  this  t$ubi<ttimco  remains  bqutd  ivt 
-ao^,  or  it  may  be  thutthe  pusftAge  from  aNO;^  iutaNAOi  in  not  so  easily  aceompUnbod 
us  the  ptiBsage  from  NjO^  into  2N0.j. 

Liquid  nitrogen  peroxide  (that  is,  a  mixturo  of  NO^  a.nd  N3O4)  is  employed  m  Admix* 
tore  with  bydrociurbouft  aa  an  oxplosive. 
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temperature  are  thus  made  quite  clear,  and  as  at  the  boiling  point  a 
density  38  was  obtained,  therefore  at  that  temperature  the  vapours 
consist  of  a  mixture  of  79  parts  by  weight  of  N2O4  with  21  parts  by 
weight  of  NOj.'*'^  It  is  evident  that  a  decomposition  here  takes  place 
whose  peculiarity  consists  in  the  fact  that  the  product  of  decomposition, 
NO2,  is  polymerised  (i.e.  becomes  denser,  combines  with  itself)  at  a . 
lower  temperature  ;  that  is,  the  reaction, 

N304=NOjH-N03 

is  a  reversible  reaction,  and  consequently  the  whole  phenomenon  repre- 
sents a  dissociation  in  a  homogeneous  gaseous  medium,  where  the 
original  substance,  Nj04,  and  the  resultant,  NO2,  are  both  gases.  The 
meastcre  of  dissociation  will  be  expressed  if  we  find  the  proportion  of  the 
quantity  of  the  substance  decomposed  to  the  whole  amount  of  the  sub- 
stance. At  the  boiling  point,  therefore,  the  measure  of  the  decomposi- 
tion of  nitrogen  peroxide  will  be  21/(79h-21)=:0-21,  or  21  p.c. ;  at 
135°  it=l,  and  at  10°  it=0— that  is,  the  NoO^  is  not  then  de- 
composable. Consequently  here  the  limits  of  dissociation  are  — 10°  and 
135°  at  the  atmospheric  pressure.^^  Within  the  limits  of  these  tem- 
peratures the  vapours  of  nitrogen  peroxide  have  not  a  constant  density, 
and  above  and  l>elow  these  limits  definite  substances  exist.  Thus 
above  135°  N2O4  has  ceased  to  exist  and  NO2  alone  remains.      It  is 

^  Because  if  x  equal  the  amount  by  weight  of  N.^O.i,  its  volume  will  =  x.  46,  and  the 
amount  of  NO.^  will  =100— x,  and  consequently  its  volume  will  =(100— ar),23.  But  the 
mixture,  having  a  density  88,  will  weigh  100,  consequently  its  volume  will  =100/88. 
Hence  u:;40  +  (100-ar)  28-^  100, 30,  or  j  =  790. 

**  The  phenomena  and  laws  of  dissociation,  ctmsidered  by  us  in  only  separate  and 
particular  instunceH,  are  discussed  in  detail  in  works  on  theoretical  chemistry.  Besides, 
certain  points  in  the  doctrine  of  chemical  equilibria  are  still  subject  to  some  doubt  owing 
to  the  recent  date  at  which  the  exact  study  of  this  subject  commenced.  Nevertheless, 
in  respect  to  nitrogen  peroxide,  as  an  historically  important  example  of  dissoc-iation  in  a 
homogeneous  ga8er)us  medium,  we  will  cite  the  results  of  the  careful  investigations 
(1885-1886)  of  E,  and  L.  Natanson,  who  determined  the  densities  under  variations  of 
temperature  and  pressure.  The  measure  of  dissociation,  expressed  as  above  (it  may  also 
be  expressed  otlierwise — for  example,  by  the  ratio  of  the  substance  decomposed  to  that 
unaltered),  proves  to  increase  at  all  temperatures  as  the  pressure  diminishes,  which 
would  be  expected  for  a  homogeneous  gaseous  medium,  as  a  decreasing  pressure  aids 
the  formation  of  the  lightest  pro<luct  of  dissociation  (that  having  the  least  density  or 
largest  volume).  Thus,  in  Natansous'  experiments  the  measure  of  dissociation  at  0°  in- 
creases from  10  p.c,  to  80  p.c,  with  a  decrease  of  pressure  of  from  251  to  38  mm. ;  at  4»'7°  it 
increases  from  41)  i>.c.  toS)3  p.c,  with  a  fall  of  pressure  of  from  498  to  27  mm.,  and  at  100^  it 
increjises  from  81)2  p.c.  to  99*7  p.c,  with  a  fall  of  pressure  of  from  782*5  to  11*7  mm.  At 
130^  and  150"^  the  decomjwsition  is  complete — that  is,  NO.j  only  remains  at  tlie  low  pres- 
sures (less  than  the  atmospheric)  at  which  the  Natansons  made  their  determinntions; 
but  it  is  probable  that  at  considerable  pressure  (of  several  atmospheres)  molecules  of 
N.^Oj  would  still  be  formed,  and  it  would  be  exceedingly  interesting  to  trace  the  pheno- 
mena under  the  conditions  of  both  very  considerable  pressures  and  of  relatively  large 
volumes. 
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evident  that  at  tlie  ordinary  temperature  there  is  a  partKilly  dis- 
sociated system  or  mixture  of  nitrogen  peroxide,  NoO^,  and  nitrogen 
dioxide,  T^O^.  In  the  brown  li<|uid  )>Diling  at  22*^  probably  a  portion 
of  the  N^Oj  liasah*eady  passed  into  NO  2,  and  it  is  only  the  colourless 
liquid  and  crystalline  substance  at— 10°  that  can  be  considered  as  pure 
nitrogen  peroxide.^'^ 

The  above  explains  the  action  of  nitrogen  peroxide  on  water  at  low 
temperatures.  IH^O^  then  acts  un  water  like  a  mixture  of  the  anhy-  \ 
drides  of  nitrous  and  nitric  acids.  The  first,  N2O3,  may  be  looked  on 
as  water  in  which  the  two  Mtonis  of  hydrogt.^n  are  replaced  by  tlie  radicle 
NO,  while  in  the  second  the  hydrogen  is  rejdaced  by  the  radicle  NOj, 
proper  to  nitric  acid  ;  and  in  nitrogen  peroxide  one  atom  of  the 
hytlrogen  of  water  is  replaced  Vjy  NO  and  the  other  by  NO-^,  as  is  seen 
from  the  fonnulii* — 


S;0;   S2lO; 


—    r^.»     -MO  r^'y 


or 


H/J 


K,0,  ;      K2O, ;  K3O,. 

In  fact^  nitrogen  peroxide  at  low  temperatures  gives  with  water  (ioe) 
both  nitric,  HNO-j,  and  nitrous,  HNO^,  acids.     The  latter,  as  we  shall  J 
afterwards  see,  splits  up  into  water  and  the  anhydride,  N5O3,  If,  how- 
ev^er,  warm  water  act  on  nitrogen  peroxirle,  f>nly  nitric  acid  and  oxide  J 
of  nitrogen  are  formed  :  3NO.^  +  H2Q=NO-h2NH03. 

Although  NOj  is  not  decomposed  into  N  and  O  even  at  500^,1 
still  in  many  cases  it  acts  as  an  oxidising  agent.  Thus,  for  instance, , 
it  oxidises  mercury,  converting  it  into  mercurous  nitrate,  *2N0^- 
Hg^HgNOj  +  NO,  it  being  itse!f  deoxidised  into   nitric  oxide,  int 


*^  Th«  fact  that  the  presence  of  a  port  ion  of  dioxide,  NO^,  most  be  tteknrt«'ledgf»d 
liquid  nitrogren  peroxide,  N«jO^,  at  U;mperiit.iirea  of  from  0"^  to  I^^,  Js  nut  only  of 
Big^ifiecunce  for  the  tbt'ory  which  regiirdn  »o1titioiiH  tin  liquid  Hysteixis  of  etiailihriiiiti,  eonaiftlfe 
iiig  of  cotuhintjci  and  decomposed  Huht^tiinoeH,  btit  it  o-Wo  «ho\v8  the  ntttnre  of  nolalions  < 
gAttDQUH  HuhtiUinci'iH,  becihUM  tlie  NO,)  muKt  be  regardt^d  an  n  gas  digsolved  in  the  volartH 
liquid  N2O4. 

Liquid  uitrogtiu  peroxide  Is  said  by  Geuther  to  bnil  nt  ^^°-W^,  and  to  have  a  mp,  ( 
tit  0^'  =  1  4i)i  and  at  15"  =^  1'474,     It  Ih  evident  thftt.  in  the  licjuid  »s  in  the  (gaseous  mh& 
the  varitttiori  of  denHitj,' with  the  lemperatura  depends  not  only  on  physical,  but  also  < 
cheiuicalchangea,  aa  the  tuiiount  of  >*.jOi  d»^cit" Et*eK  and  the  amount  of  NO.^increaaoswiti 
the  temperature^  and  they  (an  polymeric  HubutiLnccHl  HhonUl  \m\e  different  denstties,  as  w«l 
fiud,  for  instonoe,  in  the  hydrocarljontt  Cjili,,  and  C^^fl,,,,, 

It  may  not  be  anperflaouB  to  here  mention  thut  the  measurement  of  the  speHfie  hejit 
of  a  mixture  of  the  vapnura  of  N^iOj  and  NO^  eiiuhled  Btrthelot  to  determine  that 
trauBiormation  of  QNO^  into  NiO^  i«  ax;companied  by  the  evolution  of  iihoiat  IHOOO  unifc 
of  heat,  and  ai$  the  reaction  proc<»eda  witli  equal  facility  in  either  dirMtion,  it  will  1 
ex<^thannal  iti  the  one  direction  and  endothennal  in  the  other;  and  this  ok>arly  demon^l 
atrates  the  ptrttaibility  of  reactions  of  both  afipectti*proceeding  in  either  direction,  althougll 
aa  a  role,  roaetioua  evolving  heat  proceed  with  greater  eaee. 
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which  nitrogtHi  dioxide  in  uiany  other  instances  passes^  and  from  which 
it  is  easily  formed.^'* 

A^itrou^  an/tt/dridei  N^O^,  corresponds  ^'*  with  nitrous  acid,  NHO^, 
and  with  the  latter  corresponds  a  series  of  s<nlts,  the  nitrites — for  ex- 
ample, the  sodium  salt  NaNOj,  the  potassium  salt  KXO^j  the  ammoniimi 
salt  {NH,)NU,^/*^  the  sil\^er  salt  AgXOj/'^  ttc.      Neither  the  anhydride 
nor  tlie  hydrate  of  the  acid   is  known  in  a  perfectly  pure  statr.     The 
anhydride  has  only  been  obtained  as  a  very  unstable  substance,  and  has 
not  yet  been  investigated  with  proper  fulness  ;   and  when  efforts  are 
made  to  uljtain  the  acid  NHtJ^  ^rom  it«  salts,  it  always  gives  water  and 
the  anhydride,  whilst  the  latter,  as  an  intermediate  oxide,  eiisily  splits 
up  into  NOh-  NUjj,      But  the  siilts  of  nitrous  acid  are  distinguished  for 
their  great  stability.    Potassium  nitrate,  KNO^j,  may  Ije  converted  into 
potassium    nitrite    by  depriving   it   of   a   portion  of   its  oxygen  ;  for 
instixnce,  by  fusing  it  (at  a  not  too  great  heat)  with  mettils,  such  as 
lead,    KNOj-f-Pb^^KNOj-hPhO.      The    resultant   salt  is   soluble  in 
water,  whilst  the  oxide  of  lead  is  insoluble.     With  sulphuric  and  other 
acids  the  solution  of  potassiun>  nitrite  '^  immediately  evolves  a  brown 
gas,  nitrous  anhydride  :  ^KNOa  +  HiS0^=K:aS04  +NaOa  +  H^O,    The 
same  gas  (N^Oji)  is  obtained  by   j^^issing    nitric  oxide  at  0^  through 
liquid  peroxide  of  nitrogen,'^*'*  or  by  heating  starch  with  nitric  acid  of  sp. 


♦9  Nitric  flcid  of  sp.  gr.  1'51  in  ilinwlvingf  nitrogen  peroxide  becomes  brown»  whilat 
nitric  «w.'id  of  Kp*  gr.  1  82  is  coloured  (jfrfeniHli  blue,  luiri  iwjid  of  ap.  gr.  below  115  r^MDums 
colourless  on  abH^jrblng  nitrogen  petox,id«. 

**•  Nitrogen  iJteroxide  as  a  mixed  HubHitiLnce  has  no  oorrespondiiig  iiidejtendent  »alts. 

*"  Animtmium  nitrite  mjiy  be  ennily  wbUined  in  solution  by  a  fiiniilAT  method  of  donblo 
decomiHJHitiou  l^for  inntance,  of  tlie  liArium  e>t4lt  with  amni«:sniuni  Hulphfttt;)  it)  the  other 
^t«  of  nitrous  acid,  but  it  deconii^H.i*iCf8  with  great  6SL»e  when  eviipiratcdf  with  the  evo- 
lution of  gimeoufi  nitrogen,  a»  ha«  been  already  mentioned  (Chap.  V,i,  If  the  wulution, 
however^  be  evaporttted  at  tlie  ordinary  temperature  tmder  the  reci*iver  of  an  Air-pump, 
a  »obd  lialine  mass  is  obtained,  which  is  easily  decomposed  when  heated.  The  dry  salt 
even  decomi»oi4e&  with  an  explosion  when  tjtrucli,  or  when  heated  to  about  70°^ — NH.4N02= 
*2H.jO  +  Nj.  It  ig  ftlfio  formed  by  the  action  of  aqueous  ammonia  on  a  mixture  of  nitric 
oxide  and  oxygen,  or  by  the  aotiou  of  02one  on  anmionia^  and  iii  many  other  in»tanceft. 

*i  Sih»jr  nitrite^  AgNOa,  is  obtained  a.»  a  Aery  slightly  t^iluble  Kabstance^  as  a  preci- 
pitate* on  mixing  wlutionB  of  silver  nitrate,  AgNOs,  and  i>tjta*iaitmi  nitrite,  KXO^,  It 
ta  soluble  in  a  large  volume  of  water,  and  tliia  is  taken  advantage  of  Uj  free  it  from 
silver  oxide,  which  is  also  present  in  the  precipitate,  owing  to  the  fat^t  tliat  pfjtasaitim 
nitrite  always  contains  a  certain  luuount  of  oxide^  which  with  water  gives  the  h>droxido, 
forming  oxide  of  nilver  with  silver  nitrate.  The  jiolutionof  silver  nitrite  gives^  by  double 
deccrmtK»aition  with  metallic  chloriden  (for  inslani'e,  barium  chloride),  in«oluble  silver 
chloride  and  the  nitrite  of  the  metal  taken  (for  int*t»uiee,  barium  nitrite,  Bft^NOj)/}, 

^*  Probably  p4^»tits»<ium  uitrite,  KNOrj,  wht^n  strongly  heated,  esijccially  witli  raetaUic 
oxides,  evolves  N  and  O^  aiul  gives  potu-ssiuni  oxide,  K;|0,  becauise  nitre  is  liable  to  such 
a  decom|M>sitionf  but  it  hat*,  asi  yet,  been  but  little  investigated. 

^  It  is  evident  that  the  reaction  N-jO*-^NOg  +  NO  is  reversible,  and  thai  it  resembtM 
the  conversion  of  N^O^  iuto  NO^,  btit  *a  yet  this  reaction  has  not  been  thorougbly 
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gr.  1*3.  At  a  very  low  temperature  it  condenses  into  a  blue  liquid  boiling 
below  0°,*^  but  then  partially  decomposing  into  NO  +  NOg.  Nitrous  an- 
hydride evinces  a  remarkable  capacity  for  oxidising.  Ignited  bodies  bum 
in  it,  nitric  acid  absorbs  it,  and  then  acquires  the  property  of  acting  on 
silver  and  other  metals,  even  when  diluted.  Potassium  iodide  is 
oxidised  by  this  gas  just  as  it  is  by  ozone  (and  by  peroxide  of  hydrogen, 
chromic  and  other  acids,  but  not  by  dilute  nitric  acid  nor  by  sulphuric 
acid),  with  the  separation  of  iodine.  This  iodine  may  be  recognised 
{see  Ozone,  Chap.  IV.)  by  its  turning  starch  blue.  The  smallest  traces 
of  nitrites  may  be  easily  discovered  by  this  method.  If,  for  example, 
starch  and  potassium  iodide  are  added  to  a  solution  of  potassium 
nitrite  (there  will  be  no  change,  there  being  no  free  nitrous  acid),  and 
then  sulphuric  acid  be  added,  then  the  nitrous  acid  (or  its  anhydride) 
immediately  set  free  evolves  iodine,  which  communicates  a  blue  colour 
to  the  starch.  Nitric  acid  does  not  act  in  this  manner,  but  in  the 
presence  of  zinc  the  coloration  takes  place,  which  proves  the  forma,tion 
of  nitrous  acid  in  the  deoxidation  of  nitric  acid.-^"*  Nitrous  acid  (or 
even  a  mixture  of  HNOj-f  NO)  acts  directly  on  ammonia,  forming 
nitrogen  and  water,  HN02  +  NH3=N2  +  2H20.'^« 

As  nitrous  anhydride  easily  splits  up  into  NO2  -\-  NO,  so  with  warm 
water  it,  like  NO2,  gives  nitric  acid  and  nitric  oxide,  according  to  the 
equation  3N203  +  H20=4NO  +  2NH03. 

Being  in  a  lower  degree  of  oxidation  than  nitric  acid,  nitrous  acid 

Rtudied.  The  brown  colour  of  the  vapours  of  nitrous  anhydride  iirobably  depends  on 
the  presence  of  NO.i. 

If  nitrogen  peroxide  he  cooled  to  —  20^,  and  half  its  weijjht  of  water  be  added  to  it  drop 
by  drop,  then  the  peroxide  is  decomposed,  as  we  have  already  said,  into  nitrons  and  nitric 
acids;  the  former  does  not  then  remain  as  a  hydrate,  but  straijjhtway  i)aHses  into  the 
anhydride,  and,  therefore,  if  the  resultant  liquid  be  sliphtly  warmed  vapours  of  nitrous 
anhydride,  N0O3,  are  evolved,  and  condense  into  a  blue  liquid,  as  Fritzsche  showed. 
This  method  of  preparing  nitrous  anhydride  evidently  gives  the  purest  i)roduct. 

*<  According  to  Thorpe,  N.>0-  boils  at  + 18°.  According  to  Geuther,  at  +  8-5  \  and  its 
8p.gr.  at  0°- 1-449. 

**  In  its  oxidising  action  nitrous  anhydride  gives  nitric  oxide,  N.^O-  ^  '2NO  +  O.  Thus 
its  analogj'  to  ozone  becomes  still  closer,  because  in  ozone  it  is  only  one-third  of  the 
oxygen  that  acts  in  oxidising;  from  O.-^  there  is  ol)tained  O,  which  acts  as  an  oxidiser,  and 
common  oxygen  0..>.  In  a  ])hy8ical  aspect  the  affinity  between  N.^O^  and  O-  is  expressed 
by  both  substances  being  of  a  blue  colour  when  in  the  liquid  state. 

*®  This  reaction  is  taken  advantage  of  for  converting  the  amides,  NH.^R  (where  R  is 
an  element  or  a  complex  group)  into  hydroxides,  RHO.  In  this  case  NH  .R  -f  NIIO,  forms 
2N  +  H,,0  +  RHO;  NHo  is  replaced  by  HO,  the  radicle  of  ammonia  by  the  radicle  of  water. 
This  reaction  is  employed  for  transforming  many  nitrogenous  organic  substances  having 
the  properties  of  amides  into  their  corres]>onding  hydroxides.  Thus  aniline.  r^H^'NHo, 
which  is  obtained  from  nitrobenzene,  CtjH5*N() ,  (Note  37),  is  converted  by  nitrous  anhy- 
dride into  ])henol,C(jH5'0H,  which  occurs  in  the  creosote  extracted  from  coal  tar.  Thus 
the  H  of  the  V)enzene  is  successively  replaced  by  XO,..  NH..,  and  HO — a  method  which  is 
suitable  for  other  cases  also. 
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and  its  anhydride  are  oxidised  in  solutions  by  many  oxidising 
substances  —for  example,  by  potassium  permanganate — into  nitric  acid.'*^^ 
Citric  oxide,  NO. — This  permanent  gas  ***  (that  is,  unliquefiable  by 
pressure  without  the  aid  of  cold)  may  be  obtained  from  all  the  above- 
described  compounds  of  nitrogen  with  oxygen.  The  deoxidation  of 
nitric  acid  by  metals  is  the  usual  method  employed  for  its  preparation. 
Dilute  nitric  acid  (sp.  gr.  1-18,  but  not  stronger,  as  then  NgOg  and 
NO2  are  produced)  is  poured  into  a  flask  containing  metallic  copper.*** 
The  reaction  commences  at  the  ordinary  temperature.  Mercury  and 
silver  also  give  nitric  oxide  with  nitric  acid.  In  these  reactions  with 
metals  one  portion  of  the  nitric  acid  is  employed  in  the  oxidation  of  the 
metal,  whilst  the  other,  and  by  far  the  greater,  portion  combines  with  the 
metallic  oxide  so  obtained,  with  formation  of  the  nitrate  corresponding 
with  the  metal  taken.  The  first  action  of  the  copper  on  the  nitric  acid 
is  thus  expressed  by  the  equation 

2NH03  +  3Cu=H20  +  3Cu  0  +  2N0. 

The  second  reaction  consists  in  the  formation  of  copper  nitrate — 

6NHO3  +  3CuO= SHjO  +  3Cu(N03)2. 

Nitric  oxide  is  a  colourless  gas  which  is  only  slightly  soluble  in 
water  {^\  of  a  volume  at  the  ordinary  temperature).  Reactions  of 
double  decomposition  in  which  nitric  oxide  readily  takes  part  are  not 
known — that  is  to  sjiy,  it  is  an  indifferent,  not  a  saline,  oxide.  Like  the 
other  oxides  of  nitrogen,  it  is  decomposed  into  its  elements  at  a  re<l  heat. 
The  most  characteristic  property  of  nitric  oxide  consists  in  its  capacity 
for  directly  and  easily  combining  with  oxygen  (owing  to  the  evolution 
of  heat  in  the  combination).      With  oxygen  it  forms  nitrous  anhydride 

*'  The  action  of  a  solution  of  potaftHium  permanganate,  KMn04,  on  nitrous  acid  in 
the  prenence  of  Hulphuric  acid  is  determined  by  the  fact  that  the  higher  oxide  of  man- 
ganese, Mn.,07,  contained  in  the  iienuanganate  is  converted  into  the  lower  oxide  MnO, 
which  as  a  base  forms  manganese  sulphate,  MnS04,  and  the  oxygen  serves  for  the  oxida- 
tion of  the  N.^.Os  into  N0O5,  or  its  hydrate.  As  the  solution  of  the  permanganate  is  of  a 
red  colour,  whilst  that  of  manganese  sulphate  is  almost  colourless,  this  reaction  is  clearly 
seen,  and  may  be  emj)loyed  for  the  recognition  and  determination  of  nitrous  acid  and 
its  salts. 

*«  The  absolute  boiling  point  =1)3'^  (see  Chap.  II.  Note  29). 

^^  Kammerer  proposed  preparing  nitric  oxide,  NO,  by  pouring  a  solution  of 
sodium  nitrate  over  copi>er  shavings,  and  adding  sulpliuric  acid  drop  by  drop.  The 
oxidation  of  ferrous  salts  by  nitric  acid  also  gives  NO.  One  part  of  strong  hydrocliloric 
acid  is  taken  and  iron  is  dissolved  in  it  (FeCl.^),  and  then  an  equal  quantity  of  hydro- 
chloric acid  and  nitrf*  is  added  to  the  solution.  On  heating,  nitric  oxide  is  evolved.  When 
nitric  oxide  is  j)repared  l)y  either  of  the  above  meth(xls,  the  apparatus  first  Incomes  full 
of  brown  fumes  of  uitroj:en  peroxide,  formed  by  the  oxygen  of  the  air  and  the  nitric 
oxide,  and  therefore  th«'  pure  gas  can  only  be  collecte<l  after  it  has  displaced  all  the  air 
in  the  ax)X)aratus,  and  when  the  latti^r  becomes  full  of  colourless  gas. 
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and  nitrDgen  peroxide,  2N0  +  0  =  N.,0:,,  2NO  +  02=2NO.^.  If  nitric 
oxide  is  mixed  with  oxygen  and  ininaediatelj^  shaken  up  with  caustic 
potash,  it  is  almost  entirely  converted  into  potassium  nitrite,  whilst 
aft^r  a  certain  time,  when  the  formation  of  nitric  peroxide  has  already 
commencefl,  a  mixture  of  potassium  nitrite  and  nitrate  is  oV>tained.  If 
oxygen  is  passed  into  a  bell  jar  tilled  with  nitric  oxide,  then  hrown 
fumes  of  uitrous  anhydride  and  nitric  peroxide  are  formed,  whieli  in  the 
presence  of  water  give,  as  we  already  know,  nitric  acid  and  nitric 
oxide,  so  that  in  the  presence  of  an  excess  of  water  and  oxygen  the 
whole  of  the  nitric  oxide  is  easily  and  directly  converted  into  nitric 
acid,  Tkis  reaction  of  the  re-formation  of  nitric  acid  from  nitric  oxide, 
air,  and  water,  2N0h-  H.jO  +  O3  -  2HNO3J  is  frequently  made  use  of  in 
practice.  The  experiment  showing  the  conv^ei'sion  (»f  nitric  oxide  into 
nitric  acid  is  very  striking  and  in.structive.  As  the  intermixture  of  the 
oxygen  with  the  oxide  of  nitrogen  proceeds,  the  nitric  acid  formed  dis- 
solves in  water,  and  if  an  excess  of  oxygen  has  not  been  added  the 
whole  of  the  gas  (nitric  oxide),  being  converted  into  HNO3,  is 
absorbed,  and  the  water  entii*©ly  fills  the  bell  jar  previously  containing 
the  gas.**''      It  is  evident  that  nitric  oxide  ''^  in  combining  with  oxygen 

'*  This  traiiBformiition  of  the  permanent  K^nttes  nitric  oxide  iiitd  oxj'^en  into  liquid 
nitric  acid  in  tJie  pret^enee  of  water,  luul  with  the  evolation  of  h^at,  preBtsnts  A  most 
striking  inKtiuiCB  nt  liqm^ivctio!:!  [iroduct'd  hy  the  itjctioti  of  chemieiil  forces.  They  per- 
form with  ease  th«  wtirk  which  phyHieal  (coohng)  and  mechanical  {prcHisnr©)  forces  do 
with  difKcuUy.  In  thia  the  uiotifui,  which  i«  so  clearly  tht*  prcna^rty  of  the  ^^eons  mole- 
cuh  «*  iH  fjctiiijifuishiML  In  otht^r  caHf-n  of  chemical  action  ith  rtpf>earance  anses  from 
hit*nt  energj' — that  is,  in  all  prohiibihtyi,from  the  movement  of  the  atoms  in  the  nioleculea. 

**'  Nitric  oxid*i  in  capable  of  entt^rin*?  into  many  cliaracteriHtic  combinatioim; 
it  in  abBorbcd  by  the  solntionB  of  many  acids  (for  iuHtance,  tartaric,  acetiCt  pho«* 
phoric,  ftuiphuric),  and  also  hy  the  eohitioni^of  many  ealte,  eapeciolly  tlioae  formed  hy 
anboxkle  of  iron  (for  instance,  ferrous  nnlphatc).  In  this  ease  a  brown  compound 
is  fonnciJ  which  ii*  exceedingly  unfttahle,  Hke  all  the  analogous  coinponnda  ojf 
nitric  oxide.  The  amnunt  of  nitric  oxide  combined  in  this  manner  i»  in  atomic  pro- 
IKirtion  with  the  aniouixt  of  the  HuhMtiuice  taken;  thnK  ferrons  Hnlphat**,  FeS04i 
abaorbft  it  in  the  proi>Cirtion  of  NO  to  SFeSO^.  Ammonia  i»  obtainiKl  by  tlie  action  of 
a  caustic  tdkali  on  the  renultant  uompuniul,  becaUHe  the  oxygen  of  the  nitric  oxide  imd 
water  Me  transferred  Ui  the  fermoH  oitide,  foi-ming  ferric  oxide,  whilst  the  nitro|^<?n 
OOmbitieH  with  the  livilrogen  of  tlie  waller.  According  to  the  investigatiomi  of  G^ay 
(1«85),  the  t"(nij]inunti  is  ffirraed  with  the  evolution  of  a  large  tiuantity  of  heat»  and  is 
eaaily  diHRoctated,  hke  a  Boluticn  of  ammonia  in  wat*jr.  ThiB  nubjtict  niurit  be  regarded 
a»  not  Hufficiently  studied.  On  pasiing  nitric  oxide  throngh  nitric  acid,  nitrogen  per- 
oxide luid  nitron^^  anhydride  are  formed,  whose  tiolutionH  in  the  nitric  acid  are,  Nja  we 
have  already  mentioned,  of  viiriouft  cj^lonrs.  It  i»  evident  tliat  oxidising  Hnbstane4»a  ifor 
examplt^,  potaaslum  permungarmte,  KMnO^,  Not*  Ttl}  are  iddc  to  convert  it  into  nitric 
acid.  If  the  preftence  of  a  radiclle  NO-,,  coinjwHcd  like  nitrogen  i>eroxide,  must  be  recog- 
ni Bed  in  the  <'iinj pounds  of  nitric  acid,  then  a  radicle  NO^  having  the  con>iKii*itiorj  of 
nitric  nxide^  nniy  he  Widmittcd  in  the  compijunds  of  nitrou«  acid.  The  cuinpounds  in 
which  the  radicU?  NO  is  recognised  are  called  Hitroto-eompifitnUt.  Tins  compounds  ant 
described  in  Pr»>f.  Bunge's  work  (Kief,  im»}. 
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has  a  strong  tendency  to  give  only  tlit;  higher  types  of  nitmgen  com- 
pounds, which  we  see  in  nitric  acid,  HNQ.,  or  NOj^OH),  in  iiitrie  an- 
hydnde,  NjO-^  or  {N02).>(^  and  in  ammonium  chloride,  NH|C1.  I£X 
stand  for  an  atom  of  hy<lrogen,  or  itsecjuivalents,  chlorine,  hydroxyl,  *kc», 
and  if  O,  which  is,  according  to  the  law  of  substitution,  equivalent  to 
H.,,  be  iiKlicated  by  Xj,  then  the  three  above-named  compounds  of 
nitrogen  should  be  considered  as  compounds  of  the  type  or  form  NX5. 
For  example,  in  nitric  acid  X^jS^O^-f  (OH),  where  O^^Xi,  and 
OH=X  ;  whilst  nitric  oxide  is  a  compound  of  the  form  NX.j.  Hence 
this  lower  form,  as  is  true  of  lower  forms  in  general,  strives  by  combina- 
tion to  attain  to  the  higher  ft>rms  proper  to  tlie  compounds  of  a  given 
element.  NX.j  passes  consecutively  into  NX-j — namely,  into  N^O^and 
NHO.J,  NX  I  (for  instance  NO^)  and  NX.^. 

As  the  decomposition  of  nitric  oxide  begins  at  temperatures  above 
600"^,  many  substances  burn  in  it ;  for  instance,  ignited  phosphorus  con- 
tinues to  burn  in  nitric  oxide,  but  sulphur  and  charcoal  are  extinguished 
in  it.  This  is  due  to  the  fact  that  the  heat  evolved  in  the  combustion  of 
these  two  substances  is  insothcient  for  the  entire  decomposition  uf  the 
nitric  o^ide,  whilst  the  heat  developed  by  burning  phosphorus  suffices 
to  produce  this  decora  position.  That  this  is  the  true  explanation  of 
the  behaviour  of  nitric  oxide  in  these  ctises  is  provetl  by  the  fact  that 
charcoal  when  very  strongly  ignited  will  burn  in  the  gas/** 

The  compounds  of  nitrogen  with  oxygen  which  we  have  so  far  ccm- 
sidered  may  all  be  prepared  from  nitric  oxide,  and  may  themselves  be 
cunverted  into  it.  Thus  nitric  oxide  stands  in  intimate  connection 
with  them/'^     The  passage  of  nitric  oxide  into  the  higher  degrees  of 

**  A  mixtnre  of  nitne  tixicUt  and  hydrojjen  is  ififliunnmblev  If  a  mixture  of  both 
ITftMAbe  posaed  over  gpongy  plfttinurn,  the  nitrogen  ami  hydrogen  even  combintj,  forming 
ammonia.  A  niixture  of  nitric  mtide  with  miiny  conibniitible  viii>ourtt  and  gaws  in  very  in- 
fliunmable.  A  very  ehiirttcterii^tie  flame  i«  obtained  in  burning  a  rnixtorti  of  nitric  oxide 
nnd  tbe  vapour  of  the  eombustible  carbon  bij*iilphifl«2T  CS.^,  The  latter  aub^t^nee  is  very 
volatile,  M>  ihAt  it  i»  sufficient  to  pass  the  nitric:  oxide  through  a  layer  of  the  tarboiTi  bisul- 
phide (for  inhtAUn'!,  in  a  Woulfe^H  bottUV)  in  order  tLmt  the  ^as  escaping  Fihould  contain  a 
considerable  amount  r>f  the  vapourH  of  tbi^  uubtitaniH).  This  mijiturv  oontiuues  t*:>  bum 
when  M?t  light  \.i\  and  the  tlflme  emits  a  large  quantity  of  the  sto-calk-d  ultra-violet  rayis» 
which  are  capable  of  bringing  about  chemical  combinations  and  docompositiona,  and 
therefore  the  flame  may  be  employed  in  photography  in  the  absence  of  sufficient  day* 
light  (nnign«^Kitim  and  electric  light  have  the  ^aine  property).  A  mixturt)  of  nitrio 
oatide  with  many  g:ases  (for  iiiKtanee,  ammonin  I  explodes  iji  a  eudionieter. 

**  Theoiides  of  nitrogen  do  not  proceed  directly  fronj  oxygen  ixud  nitrogen  by  contact 
alone,  naturally  IwcauMf  their  formation  is  accompanied  l>y  the  absorption  of  a  largu 
quantity  of  heal,  namely  («rcNot«  21»),  about  21  SOU  heat  units*  are  abMorl>ed  when  lijpartB 
of  oxygen  and  14  porta  of  nitrogen  combine,  conBequently  the  decompo»ilion  of  nitric  oxide 
into  oxygen  and  mtro|j:«n  in  tvuri^mtmnied  by  the  evolution  of  thit>  amount  of  heat ;  and 
therefore  with  nitnc  oxide,  an  with  all  explosive  MitbHtauce*}  and  mixtures,  the  reaction 
once  started  in  able  to  proceed  by  itt^elf.  In  fact,  Berthehit  remiLrke<]  the  decompoaitioa 
t4  nitrio  o&ide  in  tlie  e^ploeion  ol  fuilminate  of  mercury.   This  decompofiitioD  do^B  not  take 
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oxidation  and  the  converse  reaction  is  employed  in  practice  as  a 
means  for  transferring  the  oxygen  of  the  air  to  substances  capable  of 
being  oxidised.  Having  nitric  oxide,  it  may  easily  be  converted,  with 
the  aid  of  the  oxygen  of  the  atmosphere  and  water,  into  nitric  acid, 
nitrous  anhydride,  and  nitric  peroxide,  and  by  their  means  employed  to 
oxidise  other  substances.  In  this  oxidising  action  nitric  oxide  is  again 
formed,  and  it  may  again  be  converted  into  nitric  acid,  and  so  on  with- 
out end,  if  only  there  be  oxygen  and  water.  Hence  the  fact,  which 
at  first  appears  to  be  a  paradox,  that  by  means  of  a  small  quantity  of 
nitric  oxide  in  the  presence  of  oxygen  and  water  it  is  possible  to  oxidise 
an  indefinitely  large  quantity  of  substances  which  cannot  be  directly 
oxidised  either  by  the  action  of  the  atmospheric  oxygen  or  by  the 
action  of  nitric  oxide  itself.  The  sulphurous  anhydride,  SO 2,  which 
is  obtained  in  the  combustion  of  sulphur  ahd  in  roasting  many  metallic 
sulphides  in  the  air,  is  an  example  of  this  kind.  In  practice  this 
gas  is  obtained  by  burning  sulphur  or  iron  pyrites,  the  latter  being 
thereby  converted  into  oxide  of  iron  and  sulphurous  anhydride.  In 
contact  with  the  oxygen  of  the  atmosphere  this  gas  does  not  pass  into 
the  higher  degree  of  oxidation  sulphuric  anhydride,  SO3,  and  if  it  does 
form  sulphuric  acid  with  water  and  the  oxygen  of  the  atmosphere, 
SO2  +  HjO  4-0=H2S04,  it  does  so  very  slowly.  With  nitric  acid  (and 
especially  with  nitrous  acid,  but  not  with  nitrogen  peroxide)  and  water, 
sulphurous  anhydride,  on  the  contrary,  very  easily  forms  sulphuric  acid, 
and  especially  so  when  slightly  heated  (about  40°),  the  nitric  acid  (or, 
better  still,  nitrous  acid)  being  converted  into  nitric  oxide — 

3SO2  +  2NHO3  -h  2H20=2H2S04  -f  2N0. 

The  presence  of  water  is  absolutely  indispensable  here,  otherwise 
sulphuric  anhydride  is  formed,  which  com))ines  with  the  oxides  of 
nitrogen  (nitrous  anhydride),  forming  a  crystalline  suljstance  contain- 
ing oxides  of  nitrogen  {chamber  crystals,  which  will  be  described  in  the 
chapter  on  sulphur).  Water  destroys  this  compound,  forming  sulphuric 
acid  and  separating  the  oxides  of  nitrogen.  The  water  must  be  taken 
in  a  greater  quantity  than  that  required  for  the  formation  of  the  hydrate 
H2SO4,  because  the  latter  absorbs  oxides  of  nitrogen.  With  an  excess  of 
water,  however,  solution  does  not  take  place.  If,  in  the  above  reaction, 
only  water,  sulphurous  anhydride,  and  nitric  or  nitrous  acid  be  taken  in 

place  spontaneouHly  ;  Kubstances  even  burn  with  clifiiculty  in  nitric  oxide,  proV)ably  because 
a  certain  portion  of  the  nitric  oxide  in  <lecom|>oHinj;  j^ives  oxyjjftin,  which  coni))ines  with 
another  portion  of  nitric  oxide  and  forniH  nitric  peroxide,  a  somewhat  more  stable  com- 
pound of  nitrogen  and  oxygen.  The  further  combinations  of  nitric  oxide  with  oxygen  all]>ro- 
ceed  with  the  evolution  of  Iieat,  and  take  place  spontaneously  by  contact  with  air  alone. 
From  these  examples  it  is  seen  how  the  use  of  thermochemical  data  is  limited  by  facts. 
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a  definite  quantity,  then  a  definite  quantity  uf  sulpljaric  acid  and  nitric 
<»xide  will  be  formed^  according  to  the  preceding  equation  ;  but  there 
the  reaction  ends,  the  excess  of  sulpliurous  anhydride,  if  there  he  any, 
will  remain  unchanged.  But  if  we  add  air  aiid  >\'ater,  then  the  nitric 
oxide  will  unite  with  the  oxygen  to  form  nitrogen  peroxide,  and  the 
latter  with  water  to  form  nitiic  and  nitrous  acids,  which  again  give 
sulphuric  acid  from  a  fresh  quantity  of  sulphurous  anhydride.  Nitric 
oxide  in  again  formed,  which  is  able  to  start  the  oxidation  afresh  if 
there  be  sufficient  air.  Thus  it  is  possilile  with  a  definite  quantity  of 
nitric  t>xido  to  convert  an  indefinitely  large  quantity  of  sulphurous 
anhydride  into  sulphuric  acid,  water  and  oxygen  only  being  required,^"* 
This  may  be  easily  demonsti'ated  by  an  experiment  on  a  small  scale,  if 
a  certain  quantity  of  nitric  oxide  i>e  first  introduced  int^^i  a  flask,  and 
sulphurous  anhydride,  st-eam,  and  oxygen  be  then  continually  passed  in. 
Thus  the  abjve-described  reaction  may  he  expressed  in  the  following 
manner  : 

«SOaH-nO  +  (n  +  m)H/)  -f  NO^nH.SO^jwHaO  +  NO, 

if  w©  consider  only  the  original  substances  and  those  finally  formed. 
Thus  a  defijiit^e  quantity  of  nitric  oxide  may  serve  for  the  convei-sion  of 
an  indefinit-e  quantity  of  sulphurcms  anhydride,  oxygen,  and  water  into 
sulpliuric  acid.  In  reality,  however,  there  is  a  limit  to  this,  l>ecause  a 
portion  of  the  resulting  oxides  of  nitrogen  are  dissolved  by  the  sulphuric 
acid,  so  that  in  employing  even  pure  oxygen  the  amount  of  free  (undis- 
solved) or  active  nitric  oxide  decreases  httle  by  little.  If  air,  and  not 
pure  oxygen,  be  employed  for  the  oxidation,  as  it  is  necessary  to  do  in 
practice,  then  it  is  nec*essary  to  remove  the  nitrogen  of  the  air  and  to 
introduce  a  fresh  quantity  of  air.  A  certain  quantity  of  nitric  oxide 
will  fmss  away  with  this  nitrogen,  and  will  in  this  way  lie  lost/^' 


**  Tlie  inRtfince  of  the  action  of  »  Bmall  t]tiii]it)ty  of  NO  in  iaeitinj(  u  definite 
<:heimciil  ri?a€tion  between  kiyei  miis^eti  (SO.^-*-0  +  H.0  =  HjS04)  id  very  iiiiitmclire, 
becAQse  tlui  piirtirnlju-s  relnttUK  to  it  have  been  stndiecl,  m-h\  i*how  that  int^nnt^dUtti 
forms  of  reaction  inj*y  be  discovered  in  the  w>-caUt'd  ooiituct  or  cftt*ilytic  pheiiomt<UA. 
The  eBsenoe  of  the  niiitt«r  here  j«^  that  A  ( =  HO.)  n^actM  upon  B  f  =  O  and  H^^O)  in  the  pre- 
wnoe  of  C,  beeauiw  it  given  BC,  t%  «ubfittmc«  which  forms  AB  with  A^  jtnd  a<<ahi  hberuteH 
C,  ContMKjtlently  C  if*  a  int'dimn,  a  transferring  substance,  without  which  the  matter  do#>8 
not  prrx'«H*d  of  its  own  ftccord.  Many  nirailAr  phenomena  may  he  fouml  in  other  defmrt- 
tneutH  of  hfe.  Tiitm  the  nit'^rt^mnt  iH  an  indiKpennahle  uieditiiu  tietween  tlie  pro^lucer  and 
the  congutner ;  thus  experiment  iw  a  uiediuiu  l>etween  the  pheitonienft  of  nature  and  the 
cugniwant  facnitiei;  thus  hmi^uage^  fonuM*  and  hiw^  a^v  ni^dia  wbieh  are  ai>  neceAtfiiry 
for  the  coUMohdation  i>f  »ocinl  int4!*rconrpie  an  nitric  oxide  for  ih(»  relatiuufl  belwueti  mil- 
pharous  atiiiydride  and  oxyi^cn  find  vrater. 

•*  If  the  tsulphurooR  aDh)drtde  bo  prepar»?fl  by  rvtaistin);  iron  pyrites,  FeS.,  then 
each  equivalent  of  pyrites  (e4|iuvAlent  of  iron  ^(1,  of  sulphur  tt2,  of  pyrit««  12Uji  requires 
■ix  equiTiklents  of  oxygen  (that  if<  IHS  parti)  for  the  cot) version  of  its  solpbiur  into  »tii- 
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The  preceding  series  of  chaoges  serve  as  the  basis  of  the  inanu- 
facture  of  sulphuric  acid  or  so  called  charnht^r  m'ld.  This  acid  is 
prepai'ed  on  a  very  hirge  scale  in  chemical  works  because  it  is  the 
cheapest  iicid  whose  action  can  be  applied  in  a  great  number  of  cases. 
It  is  thus  used  in  im metis e  quantities. 

The  process  is  carrietl  on  in  a  series  of  chainliers  (or  in  one  divide*! 
by  partitions  as  in  tig.  nO,  wldt-h  shows  the  beginning  and  end  of  a 
chamber)  constructed  of  sheet  le?uL     The-se  chambers  are  placed  one 


Zf^-^/JAJ 


FiQ,  &c». —^Section  of  Bulplmrlo  iwi4  t^liambdrg,  the  (irst  anl  lo^st  ohftin'  ,  '  prevtitcd. 

Tli«  t4>w«r  Ui  tlie  left  is  onlletl  the  trlovcr"*  tower,  hikI  that  on  the  ti^hl  tUu  titiy-LuiJiiMj'*  tow«r. 
Lesa  IhATi  -^  ot  the  imtund  *Atc. 

after  the  other,  and  communicat-e  with  one  another  liy  tubes  or  special 
oritiees  so  placed  that  the  inlet  tubes  are  in  tbe  upper  portion  of  the 
chamber^  and  tbe  outlet  in  the  lower  and  opposite  end.     The  current  of 


fihttric  iioid  (for  forming  *2HjS0|  with  wn.t*'r),  beaidtis  1^  fqwiivuleiitK  {*li  pftrtis)  for  con- 
vortiiig  the  iron  intr>  oxide,  FejOj^;  liiinct^  the  conibiiHtian  of  the  pyrites  for  the  formation 
of  nulpJmric  nciti  and  feiTic*  oxido  rt'<iiiireft  the  kiirodnetion  of  aii  e*|Uiil  \vei>,dit  of  njcyjitcn 
U*iO  iiiirt»  of  oiygtri  to  l*iU  purt»  ot  pjTitea),  or  five  tiroet*  itfl  weiybt  of  air,  whilst  four 
{MirtB  hy  weiij^ht  of  iiitrog**n  will  reniftin  imictive,  and  in  the  removiil  of  the  t'xhuuated 
air  wiU  curry  off  the  renmining  nitric  rtxide.  If  not  all,  at  least  a  lar;;!?  [wrtiou  of  Uie 
nitric*  oxide  may  be  collected  by  ftatiHin^^  the  ei*cftping  air,  ntill  containing  some  oxygen, 
through  ftohstanccH  whit^h  absorb  oxideH  of  nitrogen-  Sniphuria  acid  it««>lf  may  be 
«midoyed  for  this  purjjoiie  if  it  be  tak«n  a«  tlic  hydrate  H^SO^,  or  coiitmning  only  a 
aoittll  ainoant  of  wat«r,  becautie  Hueb   sulphuric  acid  diBSolve»  the  oxidoa  of  niirogveii^ 
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st«am  and  gases  necessary  for  the  preparation  of  the  sulphuric  iicid 
passes  through  these  chambers  and  tul>e3.  The  acid  as  it  is  formed  falls 
to  the  bottom  of  the  chambers,  or  runs  down  their  walls,  and  flows  from 
ooe  chamber  to  another  (from  the  last  to  the  tirst,  to  permit  of  which 
the  partitions  do  not  reach  to  the  bottom  of  the  chambers),  and  there- 
fore the  floor  and  walls  of  the  chambers  should  be  miide  of  a  materitil 
on  which  the  sulphuric  acid  will  not  act.  Ami>ng  the  ordinary  metals 
le^td  is  the  only  one  suitable.  The  other  metals^  such  as  iron,  zinc,  or 
copper,  are  corroded  by  the  acid  ;  glass  and  earthenware  are  not  acted 
on,  but  would  not  withstand  the  changes  of  temperature  which  occur  in 
the  chambers^  and  would  be  difficult  to  join  closely  j  whilst  wood  and 
simOar  materials  fire  destroyed  by  the  acid. 

For  the  formation  of  the  sulphuric  acid  it  is  necessary  to  introduce 
sulphui-ous  anhydride,  steam,  air,  and  nitric  acid,  or  some  oxide  of 
nitrogen,  Into  the  chambers.  The  sulphurous  anhydride  is  producetl  by 
burning  sulphur  or  iron  pyrites.  This  is  carried  on  in  the  furnace  with 
four  hearths  to  the  left  of  the  drawing.  Air  is  led  into  the  chambers 
and  furnace  through  orifices  in  the  furnace  doors.  The  current  of  air 
and  oxygen  is  regulated  by  opening  or  closing  these  orifices  to  a  greater 
or  less  extent.  The  ingoing  draught  in  the  chaml^sers  is  brought  about 
by  the  fact  that  heated  gases  and  vapours  pass  into  the  chambers  whose 
temperature  is  further  raised  by  the  reaction  itself,  and  also  by  the 
remaining  nitrogen  being  continuaJly  withdrawn  from  the  outlet  (above 
th©  tower  k)  by  a  tall  eliimney  situated  near  the  chambers.  Nitric 
acid  is  prepared  from  a  mixture  of  sulplmric  acid  and  Chili  sfdtpetre,  in 
the  same  furnaces  in  which  the  sulphurous  anhydride  is  evolved  (or  in 
special  fumaoes).  Not  more  than  8  parts  of  nitre  are  taken  to  100  parts 
of  sulphur  burnt.  On  leaving  the  furnace  the  vapours  of  nitric  acid 
and  oxides  of  nitrogen  mixeil  with  air  and  sulphurous  anhydride  first 
pass  along  the  horizontal  tubes  t  into  the  receiver  b  b,  which  is  partially 
cooled  by  water  floisdng  in  on  the  right-liand  side  and  running  out  on 
the  left  by  o,  in  order  to  reduce  the  temperature  of  the  gases  entering 
the  chamber,  The  g<ises  then  pass  up  a  tower  fiUetl  with  coke,  and 
shown  to  the  left  of  the  drawing.     In  this  tower  are  placed  lumps  of 


They  may  be  etrnily  «xp«llfid  from  this  Boluiloti  by  heating  or  by  dilution  with  wnter,  ah 
they  lire  only  sligbtly  ftoluble  in  iit]ueou»  sulphuric  ncid,  Besideti  whit'li.anlphQroag 
iinhydndB  ocLb  on  nurh  sulphuric  tui'id,  bein^f  oxidiiwid  at  ih©  exiwiise  of  tbeiiitroas  anhj* 
dride,  and  fonuinp  nitric  lixide  from  it,  whieh  n^aiu  enlera  InUi  the  cy<:le  of  notion. 
Therefcire  th*?  nulphuritr  acid  which  has  BbTW>rl>ed  the  oxides  o!  nitrogen  eBca|Miig  from 
the  chaiiilx?r*  in  the  tower  K  (ee©  fig,  TjO)  Ih  1*^1  b<ick  into  the  first  chnniber,  where  it 
oomtis  into  contivct  with  sulfihurous  anhydride,  by  which  nicuuii  the  oxides  of  nitrogen 
are  reintroduced  into  the  pemctiou  which  proceeds  in  the  cliambera*  This  ia  the  nmi  of 
the  towers  (Oay-LtiaaAc's  and  01over*A)  which  are  erected  at  either  end  of  the  chambers. 


286 


PRINCIPLES   OF  CHEMLSTRY 


coke  (partially  distilled  coal),  over  which  trickles  sulphuric  acid  from 
the  reservoir  M.  This  acid  has  absorbe^l  in  the  end  tower  K  the  oxides  of 
iiitTogeii  escaping  from  the  chamber*  ThiPt  end  tower  is  also  tilled  with 
coke,  over  which  a  stream  of  atroiig  sulphuric  acid  trickles  from  the 
reservoir  m.  The  acid  api-eacls  uver  the  coke>  and,  owing  to  the  large 
surface  offered  by  the  coke,  absorbs  the  greater  |»art  of  the  oxides  of 
nitrogen  escaping  from  tlie  chambers.  The  sulphuric  acid  in  passing 
down  the  tower  becomes  saturated  with  the  oxides  of  lutrugen,  and 
flows  out  at  h  into  a  special  receiver  (in  the  drawing  situated  hy  the 
side  of  the  furnaces),  from  which  it  is  forced  up  the  tubes  h'  h' by  steam 
pressure  into  the  reservoir  m,  situated  above  the  lirst  tower.  The  gaaes 
passing  through  this  tower  froir*  the  furnace  on  coming  into  contact 
with  the  sulphuric  acid  take  up  the  oxides  of  nitrogen  contained  in  it, 
and  these  are  thus  r*^turned  U>  the  chamber  and  again  participate  in  the 
reaction-  The  sulphuric  acid  left  after  their  extraction  Jiows  into  the 
chambers.  Thus,  on  leaving  the  tirst  coke  tower  the  sulphurous  anhy- 
dride, air,  and  vapours  of  nitric  acid  ar.d  of  the  oxides  of  nitrogen  paa& 
through  the  upper  tube  tn  into  the  chamber*  Here  they  come  into 
contact  with  steam  introduced  by  lead  tubes  into  various  parts  of  the 
chamber.  The  reaction  takes  place  in  tlie  presence  of  water,  the  sul* 
phuric  acid  falls  to  the  bottom  of  the  chandler,  and  the  same  process 
takes  place  in  the  following  chambers  until  the  whole  of  the  sidphurous 
anhydride  is  consumed.  A  somewhat  gretifcer  proportion  of  air  than  is 
strictly  necessary  is  passed  in,  in  order  that  no  sulphurous  anhydride 
should  be  left  unaltered  for  want  of  sufficient  oxygen.  The  presence  of 
an  excess  of  oxygen  is  shown  by  the  colour  of  the  gases  escaping  from 
the  last  chamber  (into  d).  If  they  be  of  a  pale  colour  it  indicates  an 
insufficiency  of  air  (and  the  presence  of  sulphurous  anhydride),  as  other- 
wise peroxide  of  nitrogen  would  be  formed.  A  very  dark  colour  sliowB 
an  excess  of  air,  which  is  also  disadvantageous,  because  it  increases  the 
inevitable  loss  of  nitric   oxide    by   increasing   the   mass   of  escaping 


^  By  tkifi  meaTis  an  much  ii&  *2MKK>U0  kilograma  of  i^utJiibHLT  iLciil,  c^miaiiiing  about 
60  p.c.  of  th<.i  hydrntc  HjSO^  and  about  40  per  fent.  of  wjvter,  amy  bts  iiiaimfuotnrGd 
per  3'etir  in  one  plunt  of  5000  t'ubic  nietre»  t'tiptvcity  (without  Htoppiigea).  This  process 
lianbeen  brought  to  wueh  u,  dt^gree  ol  i>erfeetioo  thatttn  much  hs  BOO  purtsof  th«  hydrate 
H.jSOj  »irei  i>btiiiu€tl  from  100  pu.rti^  of  sulphur,  whilst  the  theoreticiil  auimuut  is  not 
gr«nit**r  than  SOU  partii.  The  iiciil  parts*  willi  itH  exeoHS  of  wntor  on  heiitift^.  For  this 
puri>on-o  it  1^  heutod  in  Itaid  veaHoU.  Howuvor,  the  acid  t'oiitftining  about  75  per  L'ent*  of 
the  hydrutt)  1(50 '  Btvtim*'),  itlready  }>e(s;:iua  to  act  on  thu  IbiwI  when  heated,  and  therufore 
i\w  further  removal  uf  water  is,  conducted  hy  evaporatinj,'  bi  glaws  or  platinuui  veMselsttis 
will  be  described  in  our  article  on  sulphuric  acid.  The  aqupous  acid  (oO'^  Baumd) 
iibtained  in  the  chainbera  m  termed  chand>er  acid.  The  acid  concentrated  to  (H)*^ 
Bftirnn^  is  more  generally  employed,  and  Kometimefl  the  hydrate  (0(F  Baunie)  U*nned 
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Niiroti^  oxide^  N.jOj^*  is  similar  to  wat^r  in  its  volumetric  compofli- 
tion*  Two  volumes  of  nitrous  oxide  are  formed  from  two  volumes  of 
nitrogen  and  ooe  volume  of  oxygen,  which  may  be  shown  by  the  common 


vitriol  Acid  is  «Uso  iisejl.  In  Knglnnd  nlnne  itioi-e  thiin  lOtK)  iniUion  kilogriimti  of 
chamber  add  mtf  prtnliu^c^l  hy  tliiR  mutliod.  The  fonrmticm  o!  trDlitliiirio  lictd  by  the 
Rctinn  n(  tiitrie  iu!id  wan  dincovered  hy  Di'fhbt^l,  nrnd  the  first  lead  <'Uftnib<.»r  was  erected 
by  Roebuck,  in  Scotland,  in  the  middh«  of  tli*«  lft.st  ceiiiiiry.  The  essonee  of  the  procead 
was  nbly  brought  i<>  liglit  »t  the  begiuiiitig  of  thi»  ceiittiiyt  wh«ti  niaay  iniproremonta 
wer<i*  intro<luc»ed  into  practice. 

^  Hyponitroos  Held,  corresponding  with  niLrotiR  oxide  (us  itt;  Anhydride),  i«  not 
known  in  a  pure  Htatt*,  but  iti*  suits  «re  known*  They  are  preijart'd  by  the  redoctiou  of 
nitrous  (and  cone^qoontly  of  nitrie)  aalts  by  nodium  anialgank.  If  \hi%  amnlgiuii  be 
added  to  a  cohl  snlntioti  of  an  ulkaliiie  nitritt*  until  the  evolution  «f  gaft  ceaftes»  and 
the  excess  of  alkali  AciturAt'cd  with  acetic  acid,  an  insoluble  yfllow  precipitate  of  ailver 
hjTpouitrite,  NAgO,  will  be  oht*iine<i  on  adding  a  solution  of  silver  nitrate.  The  hyponi* 
trite  in  inftoltible  in  cold  acetic  acid,  and  decani poacH  when  heated,  with  the  evolution  of 
Tiitri>UH  oxide.  If  rapidly  heated  it  deromi>OBe(3  with  an  exploi4i«>n.  It  is  dissolved 
Uiiclianged  by  feeble  mineral  acids,  whilst  the  stronger  acids  (for  exunipks  Hulphiiric 
Mid  bydrot'bloric  ucidH)  decompose  it,  with  the  evolution  of  nitrogt?n^  nitric  and  iiitrou^i 
Acids  remaining  in  Bolutiou.  Among  the  other  salts  of  hy|>OQitrDUd  acid^  HNO,  ihe  fuilts 
of  lead,  copi>er,  and  mercury  are  inftolublts  in  water.  Tbit*  i&  almoi^t  all  that  is  at 
pre^nt  known  (according  to  the  re^iearcbcD  of  Divein)  eoneeming  this  compoand,  which 
iu  lie  composition  and  reactions  pre^entiai  a  certain  mialogy  to  hypochloroas  acid. 
There  is  even  reason  to  think  that  the  coinpo»ntion  of  ftilver  hyptuiitrite,  AgNO,  is  more 
complex  thaji  wa*  at  flriAt  suppoaed.  Ab  a  Bubgtuoice  which  haj*  not  l>een  sufficiently 
fully  investigated,  hyTKtnitroui^  ticid  mui^t  be  ranked  with  thobe  compounds  which  yet 
present  mnch  that  in  doubtful.  It  is  evident  from  the  very  method  of  its  formation  that 
it  belongs  to  the  class  of  comptiunda  which  ore  intermediate  Wtween  tlie  oxygen  and 
hydn»geu  compounds  of  nitrogen.  If  itu  composition  be  NHO,  then  jwrluvps  it  ^NHj, 
In  which  two  ei|uivaleuts  of  hydrogen  are  replaced  by  oxygen  (^ee  p.  IhS),  A  liitbgtiiuco 
of  this  t'onipitaition,  containing  the  hydrogen  combined  with  the  nitrogen,  should  most 
prt^bably  be  iwLUneric,  and  not  identical,  with  the  trut?  hydrate  of  nitrout*  oxide,  because 
in  the  latter  the  hydrogen  would  he  in  the  form  of  hydroxy!.  Among  *uch  inaufticieiitly 
mveatigat^d  compounds — which,  however,  are  of  great  inbereMt— we  must  rank  amido*jon^ 
or  htjdrniine,  N^H^,  which  was  prepared  by  Curtiua  [1HH7)  by  means  of  ethyl  diiWBo- 
acetate,  or  triazoacetic  ac^id.  Curtins  and  Jay  (IHMU)  nhnwe^l  thai  triazoacetic  aold, 
CH^a.COOH  ftlte  formula  should  be  tripled),  when  heated  with  water  or  a  mineral 
ttcid  gives  |(|uantitatively)  oxalic  acid  and  amidogim  (hyrkazinej,  CHN^.COOH  -r 
aHjO^CjOjiOHlj  +  NiHi— i.p*  (empirically!,  the  oxygen  of  the  water  replaces  the  mtr»»- 
gen  of  the  azoacetic  atid.  The  amidogen  it*  thuf*  olituined  in  the  form  of  a  aalt. 
With  ttcida  imiidogen  forms  very  stable  saltsj  of  the  two  tyi^eft.  N^jH^HX,  and  N^H^H-iX,^, 
oa.  for  example,  with  HCl,  H.^SO^,  *1L'C,  These  :mlts  are  easily  crystallirted  ;  in  acid  solu- 
tiouB  they  act  a«  powerful  reducing  agent*,  evolving  nitrogen ;  when  ignited  tliey  are 
decomposed  into  ammuniacal  »alt«,  nitrogen^  And  hydrogen ;  with  iiitriteB  they  evolve 
nitrogen.  The  sulphate*  N.^.H4,HjSO,,  U  sparingly  eoluble  in  c^ld  water  |t5  part**  in  lUU 
of  water),  but  is  very  soluble  in  hot  water  ;  its  speciiic  gravity  i*  1»78»  it  fuses  at  Siii^, 
with  decomposition.  The  hydrtK-lilonde,  NyHi/iHCl,  crystallises  in  octaliedra,  is  very 
sf^luble  in  water,  but  not  in  alcohol ;  it  fust*a  at  198^,  evolving  hydrogen  chloride,  and 
fonning  the  Halt  N-JH4HCI ;  when  rapidly  heated  it  decomposes  with  an  explosion  ;  with 
platinic  chloride  it  immediately  evolves  nitrogen,  forming  platinoUH  chUrride.  By  the 
Sction  of  tlie  alkalis  the  salts  N,H,,2HX  gi\'e  hi/dratc  vf  amidogen^  Xali^tH^O* 
which  i<t  a  fuming  liquid,  tioiling  at  llO*^,  ttbnost  without  odour*  und  whose  aqueous 
fKtlation  corroiles  gla&R  and  indift-nibber,  has  an  alkaline  taste  and  poisonous  properties. 
Th0  reducing  capacities  of  th«  hydrate  are  clearly  mvm  fiom  the  fact  that  it  n>duc«s  the 
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method  of  the  analysis  of  the  oxides  of  nitrogen  (by  passing  them  over 
red-hot  copper  or  sodium).  In  contradistinction  to  the  other  oxidea  of 
nitrogen,  it  iis  not  directly  oxidised  by  oxygen,  but  it  may  be  obtained 
from  thn  higher  oxides  of  nitrogen  by  the  action  of  certain  deoxidising 
substances  ;  thuSj  for  example,  a  mixture  of  two  volumes  of  nitric 
oxide  and  one  volume  of  sulphurous  anhydride  il  left  in  contact  with 
water  and  spongy  platinum  is  converted  Into  sulphuric  acid  and 
nitrous  oxide,  :iN0  +  SU2  + 11/ J^H^SO^  +  N./A  Nitric  acid,  also, 
under  the  action  of  certain  metida — for  instance,  of  zinc  ^'*— gives  nitrous 
oxide,  although  in  this  case  mixed  with  nitric  oxi<le.  The  usual  method 
of  preparing  nitrous  oxide  consists  in  the  decomposition  of  ammonium 
nitrate  by  the  aid  of  heat,  because  in  this  case  only  water  and  niti*ous 
oxide  are  formed^  NH4NO3  —  2H2O  +  N2O  (a  mixture  of  NH4CI  and 
KNO3  is  sometimes  t^iken).  The  decomposition  ''^  proceeds  very  easily 
in  an  apparatus  like  that  used  for  the  prepanition  of  ammonia  or 
oxygen — that  is^  in  a  retort  or  flask  with  a  gas-conducting  tube,  llie 
decomposition  must,  however,  be  carried  on  carefully,  as  otherwise 
nitrogen  is  formed  froui  the  decomposition  of  the  nitrous  oxide.'*' 

Niti-ous  oxide  is  not  a  permanent  gas  (absolute  boiling  point  -hSC), 
it  ia  easily  liquefied  by  the  action  of  cold  under  a  high  pressure ;  at 
1 5**  it  may  be  litpiefied  by  a  pressure  of  aljout  40  atmospheres.  This 
gas  is  usually  liquefied  by  means  of  the  force  pump^'  shown  in  fig.  51. 


metals  jjliitinum  iind  *Uv«r  from  their  aolutiouB.  With  mercuric  oiide  it  explodes.  It 
reactiH  dlrtrtitly  with  the  iildehydtiB  RO,  forming  N.jH-j  BJad  water;  for  exrimpU*,  with  l>enjs< 
aldehyde  it  ^n vuk  the  very  stubh*  iutiolublti  ln-matazinc  (CgHaCHN),^  of  iv  yellow  coloar. 
Further  reyearcli  sbauld  ex}jilivin  the  rebitioii  of  Uieno  very  iiitiBreBtiti^'  nults  U>  aniidogtiu 
(N jH|)  itnelf^  which  lltt•a^  uut  yet  be<?n isolated.  Aiiiidogen  muHt  be  regnrded  a8  a  Rubstunctf 
which  bitaudii  to  amitiouia  in  tho  fiame  retatiou  aa  hydrogen  peroxide  Ktaiidn  t<)  water. 
Water,  HjOH),  gives,  aecor<3iiig  to  the  law  of  siibstitDtion,  as  was  eh*»irly  to  be  expected, 
(OH)(OH) — that  isTperuxide  of  hydrogen  is  the  freo  radicle  of  water  lliydroxyl).  So  altto 
lunmoijia^  HtNH^),  forms  hydrazine,  (NHj)(NH.j) — that  ib,  the  free  radiele  of  anmioniH^ 
NHj,.  or  amidogen.  In  the  ease  of  phosphoniH  a  similar  t^u h titan ee,  a»  we  Hhall  iifter- 
warda  i*eet  hum  long  been  known  under  the  name  of  liquid  ph oh plmrettt'd  hydrngeii|  P^H^, 

^  It  isi  renitirkable  that  eleetro-depoflited  copper  ^havini^H  give  nitrons  oxide  with  n 
10  p.c.  stdutiun  of  nitric  acid,  whilst  orditiury  cciptJer  gives  nitric  oxide.  It  is  hi«re 
evident  that  the  phyHJcal  and  rueehanical  titracture  of  the  !4ubi4tunee  effeetn  the  course  of 
the  reactiijii— that  'i»  to  uay,  it  i«  a  cnne  of  eontiixit. 

**  This  det'oni position  ia  accompanieid  by  the  evolution  of  about  25000  calories  per 
niokicidar  qatuitity  NH4NO3,  and  therefore  takes  place  with  ease,  and  BometimeB  with 
an  espkiiiion. 

^^  In  order  to  remove  any  nitric  oxide  that  iwight  be  pre»entt  the  gas  obtained  i« 
piu(&ed  through  a  sohition  of  ferroiw  aulphute.  As  nitrou«  oxide  i«  very  Bolublo  in  cold 
water  (at  0^  100  voluniew  of  water  dissolve  130  vohimeji  of  N.>0,  at  20 ^»  67  vol u meg),  it 
must  bewdleeted  over  WHTra  water*  The  nitrous  oxide  is  much  more  Mohibk*  than  nitHo 
oxide,  wbicJi  i«  in  iigreement  with  the  fuct  that  the  iiitrouH  nxide  i»  much  more  ^^ly 
Ijcjuefied  than  tlie  nitric  oxide. 

^1  Faraday  obtained  liquid  nitrous  oxide  by  the  samo  method  as  liquid  ammonia, 
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As  it  is  liqut'lied  with  comparative  ease,  and  as  the  col<3  produced  bv  its 
vaporisation  is  very  considerable/'^  it  (as  also  liquid  carboaic  anhy- 
dride) is  often  employed  in  investigations  requiring  a  low  temperature. 


Fin,     i           ■  •      ^.MtL, 

1  '  'no 

I'V'  K'i^-.  i  LuLK^f  A.  rtiicrv  it  it 

i                                                                     u  eiit-er  A,  ►  Tin*  cWmlH*r  %itd 

i'  .  J  with  icti,  \\  .  ..J  the  vcwiel  A  !«  mi- 
M;iruwuil  irouk  lins  i^iMiK  •uit4  Litu  Ui^uid  iiuiy  be  pourfeU  iium  it  i*y  iuvtudkug  it  and  uiucrewiDg  llie 
v»lvv  tf  liad  the  liqafd  theti  nms  oat  of  the  Itibc  x. 


by  heating  dry  Aixunoniiun  nitrftte  in  a  closed  bent  tube,  one  arm  of  which  wnfi  iinni«iiM>d 
in  A  fre4?zing  mixture.  In  this  caae  two  Uyern  of  liqmd  aro  obtained  nt  the  cooled  end, 
»  lower  iiikyt'^r  of  water  and  an  upper  hiyer  of  nitroufi  oxide.  This  experiment  should  be 
conducted  with  greut  citrii,  aa  tliu  pretuiare  of  the  nitrous  oxide  in  a,  liquid  state  lb  eon> 
Kidcrable,  niiuiely  (aet'ording  to  Eegriaull),  tit  +10'^  =  i5  atmoBphtren,  mtO' =96  atmo- 
gphereiif  at  -10^  ==39  utmo»pherc»,  and  ivt  -20-23  utmoHphereii.  It  boilfl  iti  -92"^, 
and  the  preA^ure  »»  then  therefore  =1  fttmoaphere, 

^>  Liifuid  nitrous  oxide,  in  raporii»ing   iit    the  iMune    presHure  as  liquid  ciyrboinio 
anhydride,  gives  rise  to^fdmost  equal  or  even  slightly  lower  temperatures.    Thaa  at  tk 
VOL.  L  U 
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Nitrous  oxide  forms  a  very  mobile,  colourless  liquid,  which  acts  on  the 
skin,  and  which  is  incapable  in  a  cold  state  of  oxidising  either 
metallic  potassium,  phosphorus,  or  carbon  ;  its  specific  gravity  is 
slightly  less  than  that  of  water  (0*94).  When  evaporated  under  the 
receiver  of  an  air-pump,  the  temperature  falls  to  — 100°,  and  the 
liquid  solidifies  into  a  snow-like  mass,  and  partiaUy  forms  transparent 
crystals.  Both  these  substances  are  solid  nitrous  oxide.  Mercury 
is  immediately  solidified  in  contact  with  evaporating  liquid  nitrous 
oxide.''' 

When  introduced  into  the  respiratory  organs  (and  consequently 
into  the  blood  also)  nitrous  oxide  produces  a  peculiar  kind  of  drunken- 
ness accompanied  by  spasmodic  movements,  and  hence  this  gas,  dis- 
covered by  Priestley  in  1776,  received  the  naaie  of  *  laughing  gas.'  On  a 
prolonged  respiration  it  produces  a  state  of  insensibility  (it  is  an 
anaesthetic  like  chloroform),  and  it  is  therefore  employed  in  dental  and 
surgical  operations. 

Nitrous  oxide  is  easily  decomposed  into  nitrogen  and  oxygen  by  the 
action  of  heat,  or  a  series  of  electric  sparks  ;  and  this  explains  why  a 
number  of  substances  whicli  cannot  burn  in  nitric  oxide  do  so  with 
great  ease  in  nitrous  oxide.  In  fact,  when  nitric  oxide  gives  some 
oxygen  on  decomposition,  this  oxygen  immediately  unites  with  a  fresh 
portion  of  the  gas  to  form  nitric  peroxide,  whilst  nitrous  oxide  does 
not  possess  this  capacity  for  further  combination  with  oxygon.^**  A 
mixture  of  nitrous  oxide  with  hydrogen  explodes  like  detonating 
gas,  gaseous  nitrogen  being  formed,  N.^O-}-IT.^=H204-^2-  The 
volume  of  the  remaining  nitrogen  is  equal  to  the  original  volume  of 
nitrous  oxide,  and  is  equal  to  the  volume  of  hydrogen  ent coring  into 


prcHHure  of  25  mm,  carbonic  anliydride  gives  a  temperature  as  low  as  —  lir>  \  and  nitrous 
oxide  of  —  l'2r>MI>ewar).  The  similarity  of  tliese  properties  and  even  of  the  absolute 
boiling  point  (CO,  +  H^^,  N..0  -  3(P)  is  all  the  more  remarkable  because  tlu'se  gases  have 
the  same  molecular  weight  --44  (Chap.  IV.  Note  10,  and  Chaj^.  VTT.). 

'^  A  very  characteristic  experiment  of  simultaneous  combustion  and  of  intense 
cold  maybe  coTiducted  by  means  of  licjuid  nitrous  oxide;  if  licjuid  nitrous  oxide  be 
poured  into  a  test  tube  containing  some  mercury,  then  the;  mercury  will  solidify,  and  if 
.a  piece  of  red-hot  charcoal  be  thrown  upon  the  surface  of  the  nitrous  oxide  it  will  con- 
tinue to  bum  very  brilliantly,  giving  rise  to  a  high  temperature. 

^*  In  the  following  chapter  we  shall  consider  tin?  volumetric;  composition  of  the 
oxides  of  nitrogen.  It  explains  the  difference  between  nitric  and  nitrous  oxide. 
Nitrons  oxide  is  formed  with  a  diminution  of  volumcjs  (contraction^  nitric  oxide  without 
contraction,  its  volume  being  equal  to  the  sum  of  the  volumes  of  nitrogen  and  oxygen  of 
which  it  is  composed.  By  oxidation,  if  it  could  be  directly  acconii>lished.  two  volumes  of 
nitrous  oxide  and  one  volume  of  oxygen  would  not  give  thr«>e  but  fcnir  volumes  of  nitric 
oxide.  These  facts  must  be  taken  into  consideration  in  comparing  the  cal(^rific  equiva- 
lents of  formation,  the  capacity  for  supporting  combustion,  and  other  properties  of  nitroiia 
and  nitric  oxides,  N.^O  and  NO. 
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combination  with  the  oxygen  ;  hence  in  this  reaction  equal  volumes  of 
nitrogen  and  hydrogen  replace  each  other.  Nitrous  oxide  is  also  very 
easily  decomposed  })y  red-hot  metals  ;  and  sulphur,  phosphorus,  and 
charcoal  bum  in  it,  although  not  so  brilliantly  as  in  oxygen.  An  equal 
quantity  of  a  substance  in  burning  in  nitrous  oxide  evolves  more  heat 
than  in  burning  in  oxygen  ;  which  mast  clearly  shows  that  in  the 
formation  c»f  nitrous  oxide  by  the  combination  of  nitrogen  with  oxygen 
there  was  not  an  evolution  but  an  absorption  of  heat,  there  being  no 
other  source  for  the  excess  of  heat  in  the  combustion  of  substances  in 
nitrous  oxide.  If  a  given  volume  of  nitrous  oxide  be  decomposed  by 
a  metal — for  instance,  sodium- -then  there  remains,  after  cooling  and 
total  decomposition,  an  exactly  equal  volume  of  nitrogen  to  that  of 
the  nitrous  oxide  taken  ;  consequently,  the  oxygen  is,  so  to  say,  distri- 
buted between  the  atoms  of  nitrogen  without  producing  an  increase 
in  the  volume  of  the  nitrogen. 


u2 
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CHAPTER  VII 

MOLECULES   AND  ATOMS,      THE   LAWS   OF   GAY-LUSSAC  AND 
AVOGADRO-GERHARDT 

Hydrogen  combines  with  oxygen  in  the  proportion  of  two  volumes  to 
one.  The  composition  by  volume  of  nitrous  oxide  is  exactly  similar — 
it  is  composed  of  two  volumes  of  nitrogen  and  one  volume  of  oxygen. 
By  decomposing  ammonia  by  the  action  of  an  electric  spark  it  is  easy 
to  prove  that  it  contains  one  volume  of  nitrogen  to  three  volumes  of 
hydrogen.  So,  similarly,  it  is  found,  whenever  a  compound  is  decom- 
posed and  the  volumes  of  the  gases  proceeding  from  it  are  measured, 
that  the  volumes  of  the  gases  or  vapours  entering  into  combination 
are  in  a  very  simple  proportion  one  to  another.  With  water,  nitrous 
oxide,  &c.,  this  may  be  proved  by  direct  observation,  but  in  the  majority 
of  cases,  and  especially  with  substances  which,  although  volatile — that 
is,  capable  of  passing  into  a  gaseous  (or  vaporous)  state — are  liquid  at 
the  ordinary  temperature,  such  a  direct  method  of  observation  pre- 
sents many  difficulties.  But  then,  if  the  densities  of  the  vapours  and 
gases  be  known,  the  same  simplicity  in  their  ratio  is  shown  by  calcula- 
tion. The  volume  of  a  substance  is  proportional  to  its  weight  and 
inversely  proportional  to  its  density,  and  therefore  by  dividing  the 
amount  by  weight  of  each  substiuice  entering  into  the  composition  of 
a  compound  by  its  density  in  the  gaseous  or  vaporous  state  we  shall 
obtain  factors  which  will  be  in  the  same  proportion  as  the  volumes  of 
the  substances  entering  into  the  composition  of  the  compound.^     So, 

1  If  the  weight  be  indicated  by  P,  the  density  by  D,  and  tlit^  volume  bv  V,  then 

^Kv. 

where  K  is  a  coefficient  depending  on  the  system  of  the  expressions  P,  D,  and  V.  If  D 
be  the  weight  of  a  cubic  measure  of  a  substance  referred  to  the  weight  of  the  same 
measure  of  water — if,  as  in  the  metrical  system  (Cliap.  I.  Note  0),  the  cubic  measure  of 
one  part  by  weight  of  water  be  taken  as  a  unit  of  volume — then  K  -  1.  But  whatever  it 
be,  it  is  cancelled  in  dealing  with  the  comparison  of  volumes,  because  comparative  and  not 
absolute  measures  of  volumes  are  taken.  In  this  chai»ter,  as  throughout  the  book,  the 
weight  P  is  given  in  grams  in  dealing  with  absolute  weights ;  and  if  comparative,  as  in 
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fi>i'  example,  water  coiitiiins  eight  parts  hy  weiglit  of  oxygen  to  one 
part,  by  weight  of  hydrogen,  and  their  densities  are  16  and  1,  conse- 
ciuently  their  volumes  (or  the  above-mentioned  factors)  1  and  ^,  and 
therefore  it  is  seen  without  direct  experiment  that  water  contains  two 
vokuues  of  hydrogen  for  e\'ery  one  volume  of  oxygen.  So  also,  know- 
ing that  nitric  oxide  contains  fourteen  parts  of  nitrogen  and  sixteen 
parts  of  oxygen,  and  knowing  that  the  apecitic  gravities  of  both  these 
gases  are  fourteen  and  sixteen,  we  hnd  that  the  volumes  in  which  nitro- 
gen and  oxygen  coniljine  for  the  formation  of  nitric  oxide  are  in  the 
proportion  of  1:1.  Consequently,  nitric  oxide  is  a  combination  of  etjual 
volumes  of  nitrogen  and  oxygen.  We  will  cite  another  example.  In 
the  last  chapter  we  saw  that  the  density  of  NOj  oidy  becomes  constant 
and  equal  to  twenty -three  (referred  to  hydnigen)  above  135%  and  there* 
fore  a  method  of  direct  observation  of  the  volumetric  composition  of 
this  substance  would  be  very  difficult  at  so  high  a  temperature.  But 
it  may  be  easily  calculated.  NO^j  as  is  seen  from  it-S  formula  and 
analysis,  cfmtains  tliirty-two  parts  by  weight  of  oxygen  to  fourteen 
parts  by  weight  of  nitrogen,  forming  forty- six  parts  by  weight  of  NO^, 
and  kn«»wing  the  densities  of  these  gases  we  find  that  one  volume  of 
nitrogen  with  two  volumes  of  oxygen  gives  two  volumes  of  nitrogen 
peroxide.  Therefore,  knowing  the  amounts  by  weight  of  the  substances 
partici[)ating  in  a  reaction  or  forming  a  given  subs  tan  ce^  and  knowing 
the  density  of  the  gas  or  vapour,'^  the  volumetric  rehitions  of  the  aub- 


Itie  expreiision  of  chemical  coiii|josition,  tbi'n  the  weiglit  .of  tui  atom  is  U\kvin  as  unity* 
The  density  of  gaseft^  D^  in  nko  lukeii  in  refiiience  to  th**  density  of  hydrogen,  and  th« 
volimie  V  in  metric4il  units  (eniliie  centimotres  or  cubic  metres,  ttc),  if  it  he  h  matter  of 
Absolute  mftgnitude+i  of  volumeH,  and  if  it  be  a  matter  of  chemical  transformation B—thA4 
IB,  of  reUtive  volumeM — then  the  volume  of  au  atom  of  hydrogen,  or  of  outi  part  by  weiglit 
of  hydrogen^  tft  taken  a»  uuityj  and  all  volunieti  are  expreased  according  to  these  unita. 

*  Aft  the  rolnmetric  relation!^  of  vapotira  ajnd  gasea,  next  to  the  relatione  of  substances 
by  weight,  form  the  most  important  province  of  cheimcib)  learning  and  the  moat  important 
tneans  for  tlie  attainnient  of  chemical  couclu»ionB,  and  inasmoch  aa  theae  volumelriu 
relatioui*  are  determined  by  the  den»itie»  of  giima  and  Tapcmrs,  therefore  the  meihod» 
of  determining  the  deiiNitiett  uf  vAjKiura  (and  alsjo  of  gawu)  form  important  meaua 
in  cheiaieul  rei^eafch.  These  methods  are  described  in  detail  in  works  on  phyHie*  and 
phyitical  und  analytical  chemistry «  tmd  tht»r«fore  we  here  only  touch  on  the  general  , 
priucipleH  tjf  th»i  subject. 

If  we  know  the  weight  p  and  volume  t%  occupied  by  the  vapour  of  a  given  subfitanoo 
at  a  temperature  i  and  preHHure  h^  then  it«  density  may  W  directly  obtained  by  dinding  i 
j$  by  tlie  weight  of  a  volume  t;  of  hydrogen  (if  the  deuf^ty  be  expreaaed  a4:?cording  to 
hydrogen,  aee  Chap,  11.  Note  2d)  at  t  and  h.  Hence,  the  methods  of  determining  the 
density  of  vapours  and  gases  are  based  on  the  detennination  of  p^  v,  f.  and  h.  Tlie  two 
laat  data  1  the  tem{>erature  t  and  pressore  k\  are  given  by  the  thermometer  and  barometer 
and  the  heights  of  ntercory  or  other  liquid  confining  the  gas,  and  therefore  do  not 
require  farther  explanation.  It  need  only  be  remarkeil  that :  (1)  in  the  caiM;  of  eaaily- 
vohkiile  Uquidi}  there  it*  no  difficulty  in  procuring  a  bath  with  a  cnti^tant  temperature, 
but  that  it  lA,  nevertheletiti,   best  (especially  considering  the   inaccnraey   of   tlienno- 
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stances  acting  ui  a  reaction  or  entering  into  tlio  composition  of  a  com- 
pound, njay  l>e  also  det*^nnined. 


nieteru)  to  Imve  a  meclium  oi  u^twhiW}}*  CDHHtatit  temiwratiirf,  and  therefore  t<i  take 
either  u  biilh  in  wliieli  some  subt»tanc«i  ia  nielting — Buch  awmeltiiig  ice  at  U^  orer}-^tal»  of 
eodiuui  ttcetat©^  nofelting  at  +5ti'^ — or,  as  i«  more  gentTally  prttftieetl^  to  pliice^th*?'  vetiBol 
containing  the  BubetiLnce  to  be  experimented  Avith  in  tlie  vaiHJur  bf  u  ljc|uid  l>oiUng  at  » 
definite  teinpHrattire^.  an(l.  knowing  the  pretisure  under  which  it  is  l;jfjiljng,  to  deterniiiie 
tlie  temperature  of  the  vapour.  For  this  purpcfie  tlie  boiling  points  of  water  iit  diflFeretit 
pressareB  are  given  in  Chap.  I.  Note  11,  und  the  boiHng  points  of  certain  civailv  prui:arab1e 
liquids  at  variooR proiwurefi  artt  given  in  Cbap.  II.  Note  27.  (2)  With  lespeet  to  tempera^ 
lureB  above  800°  (below  whicli  mercurial  thermometers  may  be  conveniently  employed), 
they  are  most  simply  obt>&iiied  constant  <to  give  time  for  the  weight  and  voluttie  of  a 
subiitance  being  observed  in  a  given  ypace,  and  to  allow  that  Hpace  to  attain  the  calcu- 
lated tt^mperattire  tj  by  meane  of  subBtanccB  boiling  ut  a  high  temperature.  Thus,  for 
instance,  at  the  ordinary  atmoephoric  preBsiite  the  tetnfierature  i  of  the  vajwmr  of 
sulphur  in  ttlxmt  448^,  of  phoephorui*  pent&Bulphide  518*^,* of  tin  chloride  f5<ki  ,  of  cad- 
mium 770",  of  zinc  UilP  '  (according  to  Violie  and  others),  or  1040°  (according  to  De^illej, 
&c.  (8)  The  indiciitiouH  of  the  hydrogen  thermometer  must  be  con  sidereal  as  the  most 
exact  (but  hydrogen  dilTuHes  through  ignited  platinum,  and  therefore  nitrogen  is  tbea 
employed).  (4)  The  temperature  of  the  vapours  used  as  tbe  biatb  should  in  every  case 
be  several  degreen  higher  than  the  boiling  point  of  the  liquid  whcbe  density  ia  to  lie 
determined,  in  order  that  no  portion  abould  remain  in  a  liquid  state.  But  even  in  tlii« 
case,  as  is  seen  from  the  example  of  nitric  peroxide  (Chap,  VI.),  the  vafwur  deuKity 
does  not  always  remain  constant  witli  a  clrnnge  of  t,  as  it  should  were  the  law  of  thp 
expansion  of  gaaes  &nd  vapours  abbolutely  exact  (Chap.  II.  Note  2tV>.  If  variations  of 
a  chemical  luid  phyaical  nature  fiiroilar  to  that  which  we  eaw  in  nitric  peroxide  takt5 
place  in  the  vapoiira,  the  main  interest  is  centred  in  coashint  dennitief^,  which  do  not 
vary  with  /,  and  therefore  the  ponsihle  effect  of  i  on  thtj  density  mu!F»t  ahvayii  be  kept 
in  mind  in  having  recouriie  to  this  means  of  investigation.  (5)  Unuidly,  for  the  snlce  oi 
convenience  of  obaervation,  the  vapour  density  ie^  determined  at  the  atrntrnpheric  pres- 
sure which  is  read  on  the  barometer  ;  but  in  the  case  of  Hubstantes  which  are  volati- 
lised with  diflicuUy,  and  alwo  of  substtincea  wbich  decompose^  or,  in  genenil,  vary  at 
temperatures  near  their  boiling  |ioint«»  it  in  bent  or  indispensable  to  conduct  the  deter- 
mination at  low  presBureB,  wbilHt  for  huhntances  which  decompose  at  low  prebgures  the 
ohservationft  have  io  be  conducted  under  a  more  or  less  conBiderablj  incrvaned  pressure. 
(6)  In  matiy  ccweN  it  is  convenient  to  determine  the  vapour  denBity  of  a  subutiaioe  in 
admixture  with  other  gases,  aiid  consequently  under  the  partial  prebsure,  whi^h  may  he 
found,  knowing  the  volume  of  the  mixture  and  that  fjf  ihv.  intermixed  gas  (*^**  Chap.  L 
Note  1).  Thiii  method  la  efij^ecially  important  for  wobiitiintieH  wbich  are  easily  decom- 
posable, becaut^e,  judging  by  the  phenonieriu  of  dihi^ociation,  a  MibHtnuee  i%  able  lo  remain 
lUlchaDged  in  the  atmosphere  of  one  of  its  products  of  decciiiqKmition.  Thus,  Wortx 
determined  the  deiiiiity  i>f  phoftphorie  chloride^  PCl^,  in  admixture  with  the  vapour  of 
phoRphorouti  ehloride,  PCI5,  (7)  It  ib  evident,  from  the  example  of  nitric  pernxide.that  n 
change  of  preissure  may  alter  the  density  and  aid  decem|>oHitioni  and  therefore  identical 
results  are  sometimes  attained  (if  the  denaity  be  variable)  by  raibing  (  iind  lowering  h  ; 
but  if  the  density  doeFs  not  vary  under  theBe  variable  conditio  oh  (at  least,  not  to  at& 
oh&ervttble  degree  exceeding  the  Iimiti»  of  experimental  error),  then  tliia  ci/tijr/ an /"density 
indicates  the  gaseous  and  invariahlc  «tate  of  a  substance.  The  laws  hereafter  hud  dowii 
refer  only  to  H.uch  vapour  densit ies.  But  the  majority  of  volatile  HtibtitanceR  nhuw  Buch 
a  constaui  density  at  a  certain  distance  from  their  b-oiling  points  up  to  the  starting  jwaint 
of  decomposition.  Tims,  the  density  of  uqueoue  vapour  does  net  vuiy  for  t  l»etwe©n 
the  ordinary  temiwrature  and  10IKJ°  (there  are  no  trustworthy  determinationH  beyond 
this)  and  for  pressures  v«r>'ing  frf>m  fructiooB  of  an  iitmofiphere  up  to  feevertd  atmo- 
Bplicres.     If,  however,  the  deiisity  does  vary  considerably  witl>  a  variatiou  ol  h  and    f, 
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Such  aa  investigation  (either  direct,  or  by  ealcuktion  from  the  deusi- 
ties  and  composition)  of  every  chemical  reaction,  resulting  in  the  foruia- 

tbe  fact  may  nerve  as  a  guiding  string  for  the  invoatigatiaa  of  Uie  chemiWl  changes 
which  nn*  undergone  by  the  subi^t&nee  in  «  stAt©  of  vaixmr,  or,  at  letwt,  itu  lui  inrli- 
cation  of  a  deviation  from  Lhelaw^of  Boyle,  MariottC}  And  Giiy-Lufi8iic  (for  tlio  exiMuiHion 
of  ga«eM  from  /)*  In  certiuii  cases  the  separation  of  one  form  of  <levijiLioii  from  llie  iithcr 
may  be  expUined  by  special  hi^'poiheses. 

With  resiject  to  the  nieana  of  determining  p  and  t),  with  4  %-iew  to  finding  the  rapour 
density,  wo  may  diiitiuguiNh  Uxree  chief  mothodM:  («)  by  weight,  by  aaeertaining  the 
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:  the  lUiuiil 
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.  11  wjktLr  ur  uil  bath  te  a 
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peratare  it  ilL'termJIncTi, 


^ 


oxyliyOnogcn  flamu. 


Weight  of  a  definite  voltime  of  vapour ;  (&)  by  volume,  by  meaeuritig  the  volume  occaptad 
hy  the  vapour  of  a  definite  weight  of  a'subetance ;  and  \c)  by  displacement.    The  huit.  < 
mentirtned  in  essentially  volumetric^  becaUHe  a  known  weight  of  a  eubfltance  \b  taJcon,  i 
and  the  volume  of  the  air  displaced  by  the  viipoar  at  a  given  t  and  h  is  determined. 

The  method  by  weight  (a)  is  thenjot>t  trustworthy  and  historically  important.  Dumas* 
mysthod  is  typical.  An  ordinary  4pUt*rical  glaoM  or  ]H>reelain  ves»e]^,  like  tlioae  4howa 
lespeclively  in  ligH.  5'i  and  o3,  is  token^  and  an  eicefl^  of  the  anbatance  to  be  exiienmented 
Qpon  is  introduced  into  it.  The  vessel  i&  heated  to  a  temperature  t  higher  tliati  the  boil' 
ing  point  of  the  hquid ;  this  give*  a  va|>our  which  displaces  the  air,  imd  fills  the  «iihe> 
rioal  %y*iU}\\  When  the  air  and  Aapour  cease  escaping  from  the  sphere^  it  is  fused 
up  or  cloHed  by  some  means;  and  when  cool,  the  weight  of  the  vapour  remaining 
in  the  sphere  is  deternaned  (either  by  direct  weighing  of  the  vessel  with  the  vapour 
ajid  introducing  tlie  neceasary  correctit>n»  for  the  weight  of  the  air  and  «f  the  vapour 
itceU;  Of  tlie  weight  of  the  volatiUftcnl  substance  is  determined  by  cliemical  methodi), 
and  the  volume  of  the  vapour  at  (  and  the  barometric  preaaure  k  is  then  calculated. 
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tion  of  definite  chemical  compounds,  shows  that  the  volumes  of  the  react- 
ing substances  in  a  gaseous  or  vaporous  state  are  either  equal  or  are  in 

TJie  volutnetric  method  Jib)  originally  employed  by  Gay-Lussac  and  then  modified  by 
Hohnann  and  otkerH,  is  based  on  the  principle  that  a  weighed  quantity  of  the  liquid  to 
be  experimented  with  (placed  in  a  small  closed  vessel,  which  is  sometimes  fused  up  before 


Fio.  64.-  Hofnmnu's  apimratus  for 
dfU'nniniiig  vapour  densities.  The 
internal  tulK',alK)ut  one  nietre  huip", 
which  is  ealibnite«l  and  trradnate<l, 
is  tlUeil  >vit  h  mercury  and  in verU^il 
in  a  mercury  hatli.  A  »mal\  Inittle 
(deplote<l  in  its*  natural  sixe  on  the 
left)  eontaininjr  a  wei^fhe*!  quantity 
of  the  lifjuid  whow  vapour  density  is 
to  \)c  determined,  is  introduce*!  into 
the  Torricellian  vacuum.  Steam, 
or  the  rapour  of  amyl  alctdiol,  &<•., 
i«  iMWscd  tlinnmh  the  outer  tuN», 
antl  heatu  the  int<'rnal  tuln?  to  the 
tomperatiire  ^  at  which  tlie  rolume 
of  vapour  is  ujcasureil. 


/\ 


& 
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Fkk  55.— Vict4>r  Meyers  appjiratus  for 
detemvininK  vafKnir  densities.  Tlie 
tulKj  b  is  h«!ate«l  in  the  vajwmr  of 
a  li<iuid  of  constant  Ixiilinj^  ixjint. 
A  Rla-^  tube,  containim;  the  li<iuld 
to  be  experiuiente<l  uiHtn.  is  causeil 
to  fall  from  </.  The  air  displaced  is 
colletrtitl  in  the  cylinder  e,m  the 
troiifjli/. 


weighing,  and  which,  if  quite  full  of  the  Uquid,  breaks  when  heated  in  a  vacuum)  is  intro- 
duced into  a  gnulurtted  cylinder  heated  to  t,  or  simply  into  a  Torricellian  vacuum.  a» 
shown  in  lig.  54,  and  the  number  of  volumes  occupied  by  the  vapour  noted  when  the 
space  holding  it  in  heated  to  the  denired  temiwruture  /. 

The  method  of  displaccinent  (c)  proposed  by  Victor  Meyer  is  based  on  the  fact  that  a 
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simple  Tiiultiple  proportion.^  This  (ininn  ihe-^fit^Mf  Ion'  of  those  discovered 
by  Gay-  Lussat\  Tlus  Inw  may  be  foniiulated  h&  follows :  2%e  amounts  of 
subfttances  entering  into  chtfmical reaction, occtt pi/  under  simUar  pkysimJ 
conditions^  in  a  gtiHeoua  or  vaporous  tttatr^  ei^ttal  or  rmtUiplr  volumes. 
This  law  not  only  refers  to  elementa,  but  ako  to  coujpounds  entering 
into  mutual  chemical  combiitation  ;  thus,  for  example^  one  volume  of 
ammonia  gtis  combines  with  one  volume  of  hydrogen  chloride.  For  in 
the  formation  of  sabammoniac^NH^Cl,  there  enters  into  reaction  1  Tprirta 
by  weight  of  ammonia,  NH_,,  which  is  8^  times  denser  than  hy*bx>gen, 
and  36*5  parts  by  weight  of  hydrogen  chloride,  w^hose  vapour  density  is 
\S\  times  that  of  hydrogen,  as  has  been  proved  by  direct  experiment. 
By  dividing  the  weights  by  the  respective  densities  we  find  th/it  the 
volume  of  ammonia,  KH.,,  is  equal  to  two,  and  bo  also  the  volume  of 
hydrogen  chloride.  Hence  the  %'olumes  of  the  compounds  which  here 
combine  together  are  equal  to  each  other.  By  taking  into  considera- 
tion that  the  law  of  Oay-Lussac  holds  good,  not  only  for  elements,  but 
also  for  compounds,  it  should  l>e  expressed  as  follows  :  Siih»(afhet» 
ifUertiel  with  ofut  anofhr^r  in  commensurahlt*  vottMHt's  of  their  vnponrsA 


spikctf  h  ih  heatod  to  it  oousUtit  lempemture  t  (hy  the  fiairnimdinie  v&poars  of  ii  liquid  of 
eDnstant  iKiiliog  fK'int),  lUid  the  Jiir  (or  otiwr  gai*  enclosiMl  in  tliis  space)  is  ttllow«»d  U> 
attain  thiH  tjMiipernture,  andwhi^n  it  has  done  »o  a  pflufl«  biilij  conUiiiitijf  a  weighed  tjuiui- 
iitj  of  the  liquid  to  he  ex|>erimenii%d  with  it* dropped  into  the  sjiA^e.  The  1i»|uid  is  imme- 
dUtely  converted  into  vapour,' lUid  diBpUvceR  tVie  air  UtUy  llie  ip^aduati^d  cybndcr  <*,  The 
lunouni  of  this  air  ib  calctilated  from  its  voltune,  and  conawiueutly  the  volume  nt  t,  and, 
therefore,  ulso  the  volume  occupied  by  the  vapour,  is  found.  The  gcnetHl  artftngeineni 
of  Ibi:  appajutu^i  i«  jfiveil  ill  fiff.  65. 

'  Vapours  and  gftaea,  as  vaa  explained  in  the  Kcond  ehaptiir,  arc  aubjeci  to  the  i 
lawBf  which  art*,  however,  only  approximate.     It  is  evidtfiit  thai  for  tlie  deduction  of  tb#  I 
lawfl  whii^h  will  pfet^^Mtly  he  enunciated  it  ie  only  pow*ihlf»  to  take  into  consideration  i 
perfect  gaaeoan  atate  (removed  from  the   liquid    fitate)   and   rheroical   invariability   in 
which  tlie   valour  dmtsitff  U  cow fftin^— that  ii»,  the  volume  of  a  given  gau  or  vapour 
Tan'ea  like  a  vcilumt*  of  hydrogen,  air,  or  other  gas,  with  the  pre«8ure  and  temperature. 

It  in  necvSiHary  to  make  thi«  Atatement  in  order  fhat  it  may  be  clearly  j*een  that  thi* 
law*  of  gasc'outt  volumes,  preueiitly  to  be  described,  an*  in  the  mci«t  intimate  ctinnec- 
ttou  with  the  laws  of  the  variations  of  volumes  with  pre«?»ure  and  iemiwrature.  And 
M  these  latter  hiwtt  (Chap,  ID  are  not  tnfalUble  but  only  npproiimately  exart,  the  aame« 
therefore,  applies  to  tlie  lawH  pre»ently  to  be  di'*it*nlMMl-  x\nd  aa  it  i»  pottsible  to  find  more 
»xact  Uwa  fa  serond  apprrtximatloiili  for  the  variation  of  v  with  7'  and  f  (for  example^ 
Van  der  WuaIr*  fomruln,  Clmp,  II.  Note  H8),  «o  also  a  more  rxact  eipreftuion  of  tlie 
relntion  hpiw«M»n  the  coropositjnn  and  the  denaity  of  vupmra  aj:id  gases  is  alw*  (Kiasible^ 
But  to  prevent  nnv  doubt  arining  at  the  ven*  begintiing  an  to  the  breudth  and  genctnl 
application  of  th«»  lawR  of  volnme*,  it  will  be  »ufltcient  to  tnention  that  the  denatly  of 
aneh  giww*M  us  oxysren,  nrtrckgen,  and  c«.Tl>otiic  anhy^hride  i*  alreiixly  known  to  rrrnain 
conntant  (within  the  limita  of  experimental  errt»r)  between  tlie  ordinary  temjieratujv 
ami  a  wbit4<  heat;  wltilwt,  jud]?ing  from  what  is  aaid  in  ray  work  on  the 'Tension 
of  Gaaon'  (vob  '%.  p.  «),  it  mi^y  l>e  aiiid  that,  an  regard*  pre««ure,  the  dennity  remains 
rery  constant  evrti  when  the  deviations  from  Mariotte'n  Iaw  are  very  considerable,  How- 
«Ter,  in  thiA  re«peet  the  number  of  daiii^  is  yet  too  small  for  forming  an  exact  conclusion* 

♦  We  must  recollect  that  thia  law  (b  only  ai'proximate,  like  Boyle  and  Mariotte'fi  Uw, 
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The  law  of  combining  volumes  and  the  law  of  multiple  proportions 
were  discovered  independently  of  each  other — the  one  in  France  by 
Gay-Lussac,  the  other  in  England  by  Dalton,  almost  simultaneously. 
In  the  language  of  the  atomic  hypothesis  it  may  be  s;iicl  that  atomic 
quantities  of  elements  occupy  equal  or  multiple  volum(^s. 

The  first  law  of  Gay-Lussac  expresses  the  relation  between  the 
volumes  of  the  component  parts  of  a  compound  ;  let  us  now  consider 
the  relation  existing  between  the  volumes  of  the  component  parts  and 
of  the  compounds  which  proceed  from  them.  This  may  sometimes  be 
determined  by  direct  observation.  Thus  the  volume  occupied  by  water, 
formed  by  two  volumes  of  hydrogen  and  one  volume  of  oxygen,  may  be 
determined  by  the  aid  of  the  apparatus  shown  in  fig.  56.  The  long 
glass  tube  is  closed  at  the  top  and  open  at  the  bottom,  which  is 
immersed  in  a  cylinder  containing  mercury.  The  closed  end  is 
furnished  with  wires  like  a  eudiometer  (p.  168).  The  tube  is  filled  with 
mercury,  and  then  a  certain  volume  of  detonating  gas  is  introduced. 
This  gas  is  obtained  from  the  decomposition  of  water,  and  therefore  in 
«very  three  volumes  contains  two  volumes  of  hydrogen  and  one  volume 
of  oxygen.  The  tube  is  surrounded  by  a  second  and  wider  glass  tube,  and 
thevapourof  a  substance  boiling  above  lOO*' — that  is,  whose  boiling  point 
is  higher  than  that  of  water  —is  passed  through  the  annular  space  be- 
tween them.  Amyl  alcohol,  whose  boiling  point  is  132^,  may  betaken 
for  this  purpose.  The  amyl  alcohol  is  boiled  in  the  vessel  to  the  right 
hand  and  its  vapour  passed  between  the  walls  of  the  two  tubes.  In  the 
case  of  amyl  alcohol,  the  outer  glass  tube  would  be  connected  with  a 
condenser  to  prevent  the  escape  into  the  air  of  the  unpleiisant- smelling 
vapour.  The  detonating  giis  is  thus  heated  up  to  a  temperature  of  132°. 
When  its  volume  becomes  constant  it  is  measured,  the  height  of  the 
column  of  mercury  in  the  tube  above  the  level  of  the  mercury  in  the 
cylinder  being  noted.  Let  this  volume  equal  v  \  it  will  therefore  con- 
tain .\  V  of  oxygen  and  \  v  of  hydrogen.  The  current  of  vapour  is 
then  sU)pped,  the  open  end  of  the  tube  filled  with  mercury,  and  then 
closed,  and  the  gas  exploded  ;  water  is  formed,  which  condenses  into  a 
liquid.  The  volume  occupied  by  the  vapour  of  the  water  formed  has 
now  to  be  determined.  For  this  purpose  the  vapour  of  the  amyl 
alcohol  is  again  passed  between  the  tubes,  and  the  whole  of  the  water 
formed  is  converted  into  vapour  at  the  same  temperatui-e  as  that  at 
which  the  detonating  giis  was  measured,  and  the  ty Under  of  mercury 
being  raised  until  the  column  of  mercury  in  the  tube  stands  at  the  same 
height  above  the  surface  of  the  mercury  in  the  cylinder  as  it  did  before 

Aiul  tliiit,  tlieruforo,  exact  exjjresftions  imiy  btj  found  for  tlie  exceptions  which  occur  to  itK 
Applicatiuu. 
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the  explosion,  it  is  found  that  the  volume  of  the  water  formed  is  equal  to 
two- thirds  v — that  is,  it  is  equal  to  the  volume  of  the  hydrogen  contained 
in  the  water.  Consequently,  the  volumetric  composition  of  water  should 
be  expressed  in  the  following  terms :  Two  volumes  of  hydrogen 
combine  with  one  volume  of  oxygen  to  form  two  volumes  of  aqueous 
vapour.  For  substances  which  are  gaseous  at  the  ordinary  tempera- 
ture, this  direct  method  of  observation  is  sometimes  very  easily  con- 
ducted ;  for  instance,  with  ammonia,  nitric,  and  nitrous  oxides.  Thus 
to  determine  the  composition  by  volume  of  nitrous  oxide,  the  above- 
described  apparatus  may  be  employed.  Nitrous  oxide  is  introduced 
into  the  tube,  and  having  measured  its  volume  a  series  of  electric 
sparks  are  passed  through  the  gas,  and  it  is  found  that  two  volumes  of 
nitrous  oxide  give  three  volumes  of  gases — namely,  two  volumes  of 
nitrogen  and  one  volume  of  oxygen.  Consequently,  the  composition  of 
nitrous  oxide  is  similar  to  that  of  water  :  two  volumes  of  nitrogen  and 
one  volume  of  oxygen  give  two  volumes  of  nitrous  oxide.  By  decom- 
posing ammonia  it  is  found  to  be  composed  in  such  a  manner  that  two 
volumes  give  one  volume  of  nitrogen  and  three  volumes  of  hydrogen  ; 
also,  two  volumes  of  nitric  oxide  are  formed  by  the  union  of  one  volume 
of  oxygen  with  one  volume  of  nitrogen.  The  same  may  naturally  be 
proved  by  calculation  from  the  vapour  densities,  as  was  described  above  ; 
hence  the  composition  by  volume  of  vapours  may  be  determined  in  the 
simplest  manner,  if  their  density,  composition,  and  the  densities  of  the 
component  parts  are  known.  Thus,  according  to  Thomsen,  the  density 
of  NO  referred  to  hydrogen=15,  and  it  contains  14  parts  of  nitrogen, 
and  16  parts  of  oxygen  in  30  parts  ;  hence  the  volumetric  composition 
is  1  volume  of  nitrogen  and  1  volume  of  oxygen  in  2  volumes  of 
nitric  oxide. 

Comparisons  of  various  results  made  by  the  aid  of  direct  observa- 
tions or  calculation,  an  example  of  which  has  just  been  cited,  led  Gay- 
Lussac  to  the  conclusion  that  the  volume  of  a  compound  in  a  r/aseous  or 
vaparotLS  state  is  always  in  simple  niultiple  proportion  to  the  volume 
of  each  of  the  component  p>arts  of  which  it  is  formed  (and  consequently 
to  the  sum  of  the  volumes  of  the  elements  of  wliich  it  is  formed).  This 
is  the  second  law  of  Gay-LussaCy  which  indicates  the  simplicity  of  the 
volumetric  relations  existing  for  compounds,  which  is  of  the  same 
nature  as  that  shown  by  the  elements  entering  into  mutual  combina- 
tion. Hence  not  only  the  substances  forming  a  given  compound,  but 
also  the  substances  formed,  exhibit  a  simple  relation  of  volume  when 
as  vapour  or  gns.'^ 

*  TIhh  Hocond  law  of  volumes  may  be  coiiHidored  a.s  a  consequence  of  the  first  law. 
The  first  law  re<iuire8  simple  ratios  between  the  volumes  of  the  combining  substances  A 
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When  a  compound  is  formed  from  two  or  more  components,  there 
is  or  is  not  a  contraction  ;  the  volume  of  the  acting  substances  is  in 
this  case  either  equal  to  or  greater  than  the  volume  of  the  resultant 
compound.  The  reverse  is  naturally  observed  in  the  case  of  decom- 
positions, when  from  one  substance  there  are  pro<luced  several  of 
simpler  nature.  Therefore  in  the  future  we  shall  term  combituUion 
a  reaction  in  which  a  contraction  is  observed — that  is,  a  diminution  in 
the  volume  of  the  component  bodies  in  a  state  of  vapour  or  gas  ;  and 
we  shall  term  decomposition  a  reaction  in  which  an  expansion  is  pro- 
duced ;  while  those  reactions  in  which  the  volumes  in  a  gaseous  or 
vaporous  state  remain  constant  (the  volumes  being  naturally  com- 
pared at  the  same  temperature  and  pressure)  we  shall  term  reactions 
of  substitution  or  of  replacement  or  of  double  decomposition.  Thus 
the  transition  of  oxygen  into  ozone  is  a  reaction  of  combination,  the 
fonnation  of  nitrous  oxide  from  oxygen  and  nitrogen  will  also  be  a 
combination,  the  formation  of  nitric  oxide  from  the  same  will  be 
a  reaction  of  substitution,  the  action  of  oxygen  on  nitric  oxide  a 
combination,  and  so  on. 

The  degree  of  contraction  proceeding  in  the  formation  of  chemical 
compounds  not  unfrequently  leads  to  the  possibility  of  distinguishing 
the  degree  of  change  which  takes  place  in  the  chemical  character  of 
the  components  when  combined.  In  those  cases  in  which  a  contrac- 
tion takes  place,  the  properties  of  the  resultant  compound  are  very 
diflferent  from  the  properties  of  the  substances  of  which  it  is  composed. 
Hence  ammonia  bears  no  resemblance  in  its  physical  or  chemical 
properties  to  the  elements  from  which  it  is  derived  ;  a  contraction  takes 
place  in  a  state  of  vapour,  and  consequently  approach ment  of  parts— 
the  distance  between  the  atoms  is  diminished,  and  from  gaseous  sub- 
stances there  is  formed  a  liquid  substance,  or  at  least  one  which  is 
easily  liquefied.  For  this  reason  nitrous  oxide  formed  by  the  conden- 
sation of  two  pennanent  gases  is  a  substance  which  is  somewhat 
easily  converted  into  a  liquid  ;  again  nitric  acid,  which  is  formed 
from  elements  which  are  i)ermanent  gases,  is  a  liquid,  whilst,  on  the 
contrary,  nitric  oxide,  which  is  formed  without  contraction  and  is  de- 
composed without  expansion,  remains  a  gas  which  is  as  difficult  to 
liquefy  as  nitrogen  and  oxygen.     In  onler  to  obtain  a  still  more  com- 

ancl  h.  A  subRtance  AB  in  produced  by  their  combination.  It  may,  according  to  the 
hvw  of  multiple  proportitm.  combine  not  only  with  Hubstancefi  C,  D,  iVc,  but  also  with  A 
and  with  B.  In  thin  new  combination  tlie  volume  of  AB,  combining:  with  tlie  volume  of 
-4,  should  1k'  in  simple  multiple  proinirtion  with  the  volume  of  A  ;  hence  the  volume  of 
the  comi>ound  AB  is  in  simple  proi>ortion  to  the  volume  of  its  com]>onent  i)art8.  There- 
fon?,  only  one  law  of  volumeH  nc»ed  be  iwcepted.  We  Bhall  afterwards  see  that  tlie  tliini 
law  of  volumes  may  bIho  embrace  in  itoelf  the  two  firHt  lawt4. 
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plete  idea  of  the  dependence  of  the  properties  of  a  compound  on  the 
properties  of  the  component  substances^  it  is  further  necessary  to  know 
the  quantity  of  heat  which  is  developed  in  the  formation  of  the  com- 
pound. If  this  quantity  be  large — as,  for  example  in  the  formation  of 
water — then  the  amount  of  energy  in  the  resultant  compound  will  be 
considerably  less  than  the  energy  of  the  elements  entering  into  its  com- 
position ;  whilst,  on  the  contrary,  if  the  amount  of  heat  evolved  in  the 
formation  of  a  compound  be  small,  or  if  there  even  be  an  absorption 
of  heat,  as  in  the  formation  of  nitrous  oxide,  then  the  energy  of  the 
elements  is  not  destroyed  or  is  only  altered  to  a  slight  extent :  hence, 
notwithstanding  the  contraction  (compression)  involved  in  its  forma- 
tion, nitrous  oxide  supports  combustion. 

The  preceding  laws  were  deduced  from  purely  experimental  and 
empirical  data,  and  as  such  evoke  further  consecjuences,  as  the  law  of 
multiple  proportions  evoked  the  atomic  theory  and  -the  law  of  eijuiva- 
lents  (Chapter  IV.).  In  point  of  view  of  the  atomic  conception  of  the 
constitution  of  substances,  the  question  naturally  arises  as  to  what 
then  are  the  relative  volumes  proper  to  those  physically-indivisible 
molecules  which  chemically  react  on  each  other  and  consist  of  the 
atoms  of  elements.  The  simplest  possible  hypothesis  in  this  respect 
would  be  that  the  volumes  of  the  molecul(\sof  substances  are  equal  ;  or, 
what  is  the  siinie  thing,  to  suppose  that  (Mjual  volumes  of  vapours  and 
gases  contain  an  ecjual  number  of  molecules.  Tliis  proposition  was 
first  enunciat<Ml  by  the  Italian  savant,  Avoyndro,  in  1810  It  was 
also  admitted  by  the  French  pliysico-mathematician,  AmjH're  (1815), 
for  the  sake  of  simplifying  all  kinds  of  pliysico-niatheinatical  coneep- 
tions  respecting  gases.  But  Avogadro  and  Anipei-e's  propositions  were 
not  genemlly  received  in  science  until  Gerhardt  in  the  forties  had 
applied  them  to  the  generalisation  of  chemical  reactions,  and  had 
demonstrated  by  aitl  of  a  series  of  phenomena  that  the  reactions  of 
substances  are  actually  acconiplishetl  with  tlu^  gi*eatest  simplicity,  and 
before  all,  that  such  reactions  take  place;  b(?tween  those  quantities  of 
substances  which  occupy  e(|ual  volumes,  and  until  he  had  stited  the 
hypothesis  in  an  exact  manner  and  deduc(»<l  the  conseciuc^nces  that 
necessarily  flow  from  it.  Following  Gerhardt,  Clausius,  in  tlie  fifties, 
placed  the  hypothesis  of  the  equality  of  the  number  of  molecules  in 
equal  volumes  of  gases  and  vapours  on  the  basis  of  the  kinetic  theory 
of  gases.  Since  then  the  hypothesis  of  Avogadro  and  Geihardt  has 
become  the  basis  of  contemporary  physical,  mechanical,  and  chemical 
conceptions  ;  the  conse(|uences  arising  from  it  have  often  been  subject 
to  doubt,  but  in  the  end  have  been  verified  by  the  most  diverse  methods, 
and  now,  when  all  efforts  to  refute  those  consequences  have  proved 
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fruitless,  the  hypothesis  must  be  considered  as  verified,^  and  the  law  of 
Avogadro-Gerhardt  must  be  spoken  of  as  fundamental,  and  as  of  great 
importance  for  the  comprehension  of  the  phenomena  of  nature.  The 
law  may  now  be  formulated  in  two  aspects.  In  the  first  place,  from  a 
physical  aspect :  equal  volumes  of  gases  (or  vapoups)  at  equal  tempera- 
tures and  pressures  confain  an  equal  number  of  molecules — or  of  such 
quantities  of  matter  which  are  neither  mechanically  nor  physically 
divisible — previous  to  chemical  change.  In  the  second  place,  from  a 
chemical  aspect,  the  same  law  may  be  expressed  thus  :  (he  quantities  of 
subst^tnces  entering  into  chemical  reactions  occujry,  in  a  state  of  vapour, 
equal  volumes.  For  our  purpose,  the  chemical  aspect  is  the  most  im- 
portant, and  therefore,  before  developing  the  law  and  its  consequences, 
we  will  stay  to  consider  the  chemical  phenomena  from  which  the  law  is 
deduced  or  by  which  it  may  be  explained. 

When  two  isolated  substances  interact  with  each  other  directly  and 
easily — as,  for  instance,  an  alkali  on  an  acid  — then  it  is  found  that  the 
reaction  is  accomplished  between  quantities  which  in  a  gaseous  state 
(at  equal  temperatures  and  pressures)  occupy  equal  volumes.  Thus, 
ammonia,  NH3,  reacts  directly  with  hydrochloric  acid,  HCl,  forming 
sal-ammoniac,  NH4CI,  and  in  this  case  the  NH3,  or  17  parts  by  weight 
of  ammonia,  occupy  the  same  volume  as  the  36*5  parts  by  weight  of 
hydrochloric  acid  J  Ethylene,  CgH^,  combines  with  chlorine,  CI  2,  in 
only  one  proportion,  forming  ethylene  dichloride,  C2H4CI2,  and  this 
combination  proceeds  directly  and  with  great  facility  ;  the  reacting 
quantities  occupying  equal  volumes.  Chlorine  reacts  with  hydrogen  in 
only  one  proportion,  forming  hydrochloric  acid,  HCl,  and  in  this  case 

•  It  must  not.  1h'  f(»rj;otteii  tlmt  Newton 'h  law  of  jfravity,  or  of  the  unity  of  the  forces 
caiiHinjr  a  hody  to  full  to  the  oarth,  and  the  planets  to  he  attracted  to  and  revolve  round  the 
Run,  waH  fir^^t  a  liypothenis,  })ut  it  became  a  trustworthy,  perfect  tlicory,  and  acquired 
the  qualities  of  a  fundanicMital  law  owing  to  the  concord  between  its  consequences 
and  reality.  All  laws,  all  theories  of  natural  phenomena,  are  first  hj'jKitheseB.  Some 
are  rapidly  ostablished  by  their  exact  consequences,  wliicli  agree  with  facts;  others  only 
take  root  by  slow  degrees. 

'  This  is  not  only  se<*n  from  the  above  calculations,  but  may  be  proved  by  experiment. 
A  glass  tube,  divided  in  tin?  middle  by  a  stop-cock,  is  taken,  and  one  portion  filled  witli 
dry  hydrogen  rhlorid«'  (the  dr\Tie88  of  the  gases  is  strictly  necessary,  because  ammonia 
and  liydrogen  chloride  are  both  very  soluble  in  wat<»r,  and  hence  a  small  trace  of  water 
may  contain  a  large  amount  of  these  gases  in  solutirm)  and  the  other  with  dry  ammonia, 
under  the  atmospheric  pressure.  One  orifice  (for  instance,  of  that  jwrtion  which  contains 
the  ammonia)  is  firmly  closed,  and  the  other  is  immersed  under  mercury,  and  the  cock  is 
then  oy)ened.  Soli«l  sal-ammrmiac  is  formed,  but  if  the  volume  of  one  gas  be  greater 
than  that  of  the  other,  some  of  the  first  gas  will  remain.  By  innnersing  the  tube  in  the 
mercur>'  in  ord«?r  that  th(»  internal  pressure  shall  equal  the  atmosj)heric  pressure,  it  may 
easily  be  shown  that  the  volume  of  the  remaining  gas  is  equal  to  the  difTerencre  between 
the  volumes  of  the  two  portions  of  the  tube,  and  that  the  remaining  gas  is  that  whose 
volume  was  the  greater. 
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equal  volumes  interact  with  each  other.  If  an  equality  of  volumes  is 
observed  in  cases  of  combination,  it  should  be  all  the  more  frequently 
encountered  in  cases  of  decomposition  taking  place  in  substances  which 
split  up  into  two  others.  Indeed,  acetic  acid  breaks  up  into  marsh 
gas,  CH4,  and  carbonic  anhydride,  CO 2,  and  in  the  proportions  in  which 
they  are  formed  from  acetic  acid  they  occupy  equal  volumes.  Also 
from  phthalic  acid,  CgH604,  there  may  be  obtained  benzoic  acid, 
CyHgOa,  and  carbonic  anhydride,  CO2,  and  as  all  the  elements  of 
phthalic  acid  enter  into  the  composition  of  these  substances,  therefore, 
although  they  cannot  re-form  it  by  their  direct  action  on  each  other  (the 
reaction  is  not  reversible),  still  they  form  the  direct  products  of  its 
decomposition,  and  they  occupy  equal  volumes.  But  benzoic  acid, 
CjHfiOj,  is  also  composed  of  benzene,  CgHg,  and  carbonic  anhydride, 
CO2,  which  also  occupy  equal  volumes. **  There  is  an  immense  number 
of  similar  examples  among  those  organic  substances  to  whose  study 
Crerhardt  consecrated  his  whole  life  and  work,  and  he  did  not  allow  such 
facts  as  these  to  escape  his  attention.  Still  more  frequently  in  the 
phenomena  of  substitution,  when  two  substances  act  on  one  another, 
and  two  are  produced  without  a  change  of  volumes — that  is,  when  the 
first  definition  given  (p.  4)  ^corresponds  with  that  given  on  p.  301 — it 
is  found  that  the  two  subst«.nces  acting  on  each  other  occupy  equal 
volumes  as  well  as  each  of  the  two  resultant  substances.  Thus, 
in  general,  reactions  of  substitution  take  place  ])etween  volatile  acids, 
HX,  and  volatile  alcohols,  R(OH),  with  the  formation  of  ethereal  salts, 
RX,  and  water,  H(OH),  and  the  volume  of  the  vapour  of  the  reacting 
■quantities,  HX,  R(OH),  and  RX,  is  the  same  as  that  for  water 
H(OH),  whose  weight,  corresponding  with  the  formula,  18,  occupies  2 
volumes,  if  1  part  by  weight  of  hydrogen  occupy  1  volume  and  the 
density  of  acjueous  vapour  referred  to  hydrogen  is  9.  Such  general 
examples,  of  which  there  are  many,*-*  sliow  that  the  reaction  of 
equal  volumes  forms  a  chemical  phenomenon  of  frequent  occur- 
rence, indicating  the  necessity  of  acknowledging  the  law  of  Av^)gadro- 
Gerhardt. 

«*  Let  U8  (lemoiiHtrato  this  by  Hjjuros.  From  12*2  ^'ri""**  of  benzoic  acid  there  is 
obtained  {a)  IH  Knuns  of  benzene,  wliose  density  referred  to  liydro<jeii  -  :{<»,  hence  the 
relative  volume  =  2,  and  [b)  44  grams  of  carbonic  anhydride,  whose  density  =  2*2,  and 
hence  the  volume  =  2.     It  is  the  same  in  other  cases. 

*  A  large  number  of  such  generalised  reactions,  showing  reaction  by  equal 
volumes,  occur  in  the  case  of  the  hydrocarbon  derivatives,  because  many  of  these  com- 
pounds are  volatile.  The  reactions  of  alkalis  on  acids,  or  anliydri<led  on  water  itc. 
which  are  so  frec|uent  between  mineral  substances,  x>resent  but  few  such  examplen 
because  many  of  these  substances  are  not  volatile  and  their  vapour  densities  are 
unknown.  But  essentially,  the  same  is  seen  in  these  cases  also  ;  for  instance,  sulphuric, 
acid,  H2SO4,  breaks  up  into  the  anhydride,  S03,and  water,  lIjO,  which  exhibit  an  equality 
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But  the  question  arises  :  What  is  the  relation  of  volumes  if  the 
reaction  of  two  substances  takes  place  in  different  proportions,  accord- 
ing to  the  law  of  multiple  proportions  ?  A  definite  answer  can  only  be 
given  in  cases  which  have  been  very  thoroughly  studied.  Thus  chlorine, 
in  acting  on  marsh  gas,  CH4,  forms  four  compounds,  CH3CI,  CH2CI2, 
CHCl,,  and  CCI4,  and  it  may  be  established  by  direct  experiment  that 
the  substance  CH3CI  (methylic  chloride)  precedes  the  remainder,  and 
that  the  latter  proceed  from  it  by  the  further  direct  action  of  chlorine. 
And  this  substance,  CH3CI,  is  formed  by  the  reaction  of  equal  volumes 
of  marsh  gas,  CH4,  and  chlorine,  Clj,  according  to  the  equation  CH4  -h 
Cl2=CH3Cl-|-HCL  A  great  number  of  similar  cases  are  met  with 
amongst  organic — that  is,  carbon — compounds.  Gerhardt  was  led  to 
the  discovery  of  his  law  by  having  investigated  many  such  reactions, 
and  from  observing  that  in  them  the  reaction  of  equal  volumes  precedes 
all  others. 

But  if  nitrogen  or  hydrogen  give  several  compounds  with  oxygen, 
the  above  proposed  question  cannot  be  answered  with  complete  clear- 
ness, because  the  consecutive  formation  of  one  degree  of  combination 
after  the  other  cannot  be  so  strictly  defined.  It  may  be  supposed,  but 
neither  affirmed  with  assurance  nor  confirmed  by  experiment,  that  nitro- 
gen and  oxygen  first  give  nitric  oxide,  NO,  and  only  afterwards  the  brown 
vapours  N.^Og  and  NO2.  Such  a  sequence  in  the  combination  of  nitro- 
gen with  oxygen  can  only  be  supposed  on  the  basis  of  the  fact  that  NO 
forms  N2O3  and  NO.2  directly  with  oxygen.  If  it  be  admitted  that  NO 
{and  not  NgO  or  NOg)  be  first  formed,  then  this  instance  would  also 
confirm  the  law  of  Avogadro-Gerhardt,  because  nitric  oxide  contains 
€qual  volumes  of  nitrogen  and  oxygen.  So,  also,  it  may  be  admitted 
that,  in  the  combination  of  hydrogen  with  oxygen,  hydrogen  peroxide 
is  first  formed  (equal  volumes  of  hydrogen  and  oxygen),  which  is  de- 
composed by  the  heat  evolved  into  water  and  oxygen,  all  the  more  as 
this  explains  the  presence  of  traces  of  hydrogen  peroxide  (Chap.  IV.) 
in  almost  all  cases  of  the  combustion  or  oxidation  of  hydrogenous  sub- 
stances ;  for  it  cannot  be  supposed  that  water  is  first  formed  and  then 
the  peroxide  of  hydrogen,  because  up  to  now  such  a  reaction  has  not 
been  accomplished,  wliilst  the  formation  of  H2O  from  H2O2  is  very 
•easily  reproduced.^® 

of  volumes.  Let  us  take  another  example  where  three  subHtances  combine  in  equal 
volumes  :  carbonic  anhydride,  COj,  ammonia,  NH3,  and  water,  H.^0  (the  volumes  of  all  are 
«qual  to  2),  form  acid  ammonium  carbonate,  (NH4)HC03. 

1®  This  opinion  as  to  the  primary  origin  of  hydrogen  peroxide  and  of  the  forma- 
tion of  water  by  means  of  its  decomposition,  which  was  always  held  by  me  (in  the  first 
editions  of  this  work),  has  in  latter  days  become  more  generally  accepted,  thanks  more 
eHpecially  to  the  work  of  Traube.    Probably,  it  explains  most  simply  the  necessity  for 
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Thus  a  whole  series  of  phejiomeria  show  that  the  chemical  reaction 
of  substances  actually  takes  place,  as  a  rule,  between  equal  volumes, 
but  tbis  does  not  remove  the  possibility  of  the  frequent  reaction  of  un- 
equal volumes,  althougli,  in  this  case,  it  is  often  possiljle  to  discover  a 
preceding  reaction  between  equal  volumes. ' ' 


the  pi*e9ence  of  troicea  of  water  in  luiiny  r&actionB,  as,  for  ki«UnDe»  in  the  ejcplosion  of 
ciirbonic  oxide  with  oxygen,  and  pcrliaprt  the  very  theory  of  thtJ  ejqjlositjn  of  detonAitn^ 
gas  and  of  the  combustion  of  hydrogen  (j^uiin  in  LlenmeHH  ftiid  tmth  if  we  i&kv  into  con- 
sideration the  jjreliniiniu'y  formation  of  hydrogen  peroxide  n.nd  its  dtM:oin{>o:ditioti«  We 
nmy  Itere  i>oiiiit  out  the  fact  that  Ettingen  (at  Dorf»at,  188H)  obKfn^i.*d  the  exieteuce  of 
tnirrent!*  and  vvaveH  in  the  ex|)lnHioii  id  detunutiiiff  gus  by  lakinjjf  photw^grflphB^  which 
hhowi'd  the  periods  of  coiiihtistion  and  the  waves  of  explosiun,  which  ahouhl  Ijt^  taken  into 
cunsideration  in  the  theorj'  of  this  subject.  Ah  the  formation  of  H.jO,^  from  O,  and  H-, 
corresponds  with  a  Ichh  amount  of  heat  than  tlie  formation  of  watt- r  from  H.j  and  O,  it 
niay  he  tho.t  the  temperature  of  the  flame  of  detonating  ga»  depends  on  the  pre-fonuatioti 
of  hydrogen  peroxide* 

^*  The  possibility  of  reactions  between  unequal  volumea^  notwithstanding  thef^eneml 
ttpplieation  of  the  law  of  Avoi^'adro-Gediardt,  may^  in  uddition  to  what  baa  been  satct 
above,  depend  cm  the  fiwt  thiit  tlie  participating  subj^tiineeH,  at  the  tnoment  of  reaction, 
underg»j  u  prehminarj^  modification,  decomposition,  isomeric  (polymeric)  trtiBfifommiioii^ 
iVe,  Thuft,  if  NOj  seems  to  inoceed  frora  NjOj,  if  Or,  iB  formed  from  O5,  n-nd  tJie  convert, 
then  it  eaimot  be  d«^nied  that  tJm  (inxluction  of  molecuieis  contaiuing  only  one  atom  ia^ 
altto  p(jtii*ible — for  iniitanee^  af  oxygiL'U^ — as  ako  of  higher  polymeric  fomiH — ^as  the 
mole^cwle  N  from  N^,  or  H5  from  H,.  In  thia  manner  it  iw  unturally  poE^Ri  hie,  by  means  of  a 
Reries  of  hypothep»eg,  to  explmin  tho  v&sl'^  of  the  formation  of  iwiiraonia,  NH-  from  3  vols* 
tif  hydrogen  and  1  voL  of  nitrogen.  But  it  muiit  be  obHerved  that  perhaps  our 
iti/onuation  in  similar  in^tance^  is,  as  yet,  far  from  being  complete.  If  the  existence  of 
hydjfazine  or  diamid©  K.M^  (Chap,  VP  Note  0)  h«  v^&rified,  then,  perhaps,  an  »)niide  N.jH^ 
will  be  discovered  [this  suhi^tance  is  now  stated  to*liave  been  obtained]  in  wliich  2  vols, 
of  hydrogen  are  combined  with  2  vols*  of  oitrogen^ — that  ii^,  the  reaction  i»  accoia« 
plifehed  between  equal  vi.»!umea.  If  it  be  shown  that  diamide  gives  nitrogen  and 
limmonia  (iJN.>H|-  N.^+  ^NH;;)  under  the  action  of  Kparkn,  beat,  or  the  silent  diKch»rg«9^ 
itc,  then  it  will  he  pogsilile  to  admit  that  it  in  formed  before  lunmonia.  And,  perhapa, 
the  still  less  citahle  anndo  N  jHj,  which  may  al^o  decompose  with  the  formation  of 
ammonia,  tw  produced  before  the  amide  XmH^. 

I  mention  this  tu  Hhow  that  thefa(;tof  there  being  apparent  exception r  to  the  law  of  re- 
actions between  equal  volumeii  does  not  prove  the  impoBsibility  of  their  lM?ing  included  undor 
the  law  on  further  utudy  of  the  subject.  Having  admitted  a  certain  law  or  hypothesis,  then 
coti8eqnence»  maat  be  deduced  frooi  it,  and  if  by  their  means  a  i  leameBs  and  hariDotiv 
is  arrived  at — and  all  the  more,  if  hy  their  means  that  which  cttuld  not  otherwise  {m» 
knowti  can  be  recognised — ^then  the  cooseq Denis's  verify  the  hypotheHii*.  Thiia  woa  the  case 
witJi  the  law  now  under  discussion.  The  simplicity  alone  of  the  deduction  of  the  weight 
proper  to  th*.''  atoms  of  the  elements,  or  the  fact  alone  tlmt  having  udniitted  the  law  it 
follows,  as  will  aftiirwards  be  sJiowUt  that  tlie  tin  viva  of  the  molecutea  of  all  eases 
id  a  constant  quantity,  is  alone  a  sufficient  reason  for  retaining  the  hypotheaifl 
if  not  for  believing  in  it  as  a  fact  beyond  doubt.  And  as  by  the  oce^pt Alice 
of  the  law  it  becitme  possible  to  foretuU  even  the  properties  and  atomic  weights  of 
eleiiit^utH  which  hiul  not  yet  l>een  discovered,  and  as  these  predictions  afterwards  proved 
to  be  in  agreemiint  witli  the  actual  foctSj  it  is  evident  that  the  law  of  Avogadro^Gerhardt 
penetrates  deeply  into  the  nature  of  the  chemical  relation  of  subntanL^js.  This  being 
granted,  it  ia  poaaible  at  the  present  time  to  expound  luid  deduce  the  truth  under 
ootiKideration  in  many  ways,  and  in  every  ease  it^  hke  all  that  is  highest  in  science  (for 
example^  the  law  of  the  indestructibility  of  motter,  the  law  of  the  conservation  of  enem*« 
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The  law  of  Avogadro-Gerharilt  may  also  be  easily  expressed  in  an 
algebraical  form.  If  the  weight  of  a  molecule,  or  of  that  fjuantity  of  a 
substance  which  enters  into  chemical  reaction^  and  (XH?iipie3  in  a  state 
of  vapfiur,  according  to  the  law,  a  volume  equal   to  the  molecules  of 

other  bodies,  be  indicated  by  the  lett^ra  M^  Mj.. or,   in 

aei*al,   M,  and  if  the  letters  Dj,   Dj  ,  or,  in  general^  D, 

'  slnnd  for  the  density  or  weight  of  a  given  volume  of  the  gases  or 
vapours  of  the  corresponding  substances  under  certain  definite  con- 
ditions of  temperature  and  pressui-e,  then  the  law  requires  that 


D,       D, 


=  -=c 


where  C  is  a  certain  constjint.     This  expression  directly  shows  that  the 

volumes  corresponding  with  the  weights  H^,  H.^ --M,  are  equal 

to  a  certain  constant,  because  the  volume  is  propoHional  to  the  weight 
an<l  inversely  proportional  to  tlie  density.  The  magnitude  of  C  is 
naturally  conditioned  by  and  dependent  on  the  units  tjiken  for  the 
expression  of  the  weights  of  the  molecules  and  the  densities.  The 
weights  of  the  molecules  (equal  to  the  sum  of  the  atomic  weights  of 
tl»e  elements  forming  a  given  substance)  are  usually  expi-essed  by 
taking  the  weight  of  an  atom  of  hydrogen  as  unity,  and  hydrogen  is 
now  also  chosen  as  the  unit  for  the  expression  of  the  densities  of  gases 
and  vapours  ;  it  is  therefore  only  needful  to  hud  the  magnitude  of  the 
constiint  for  any  one  compound,  as  it  will  be  the  same  for  all  others. 
Let  us  take  water.  Its  reacting  mass  is  expressed  (conditionally) 
by  the  formula  or  molecule  HjO.  for  which  ;M=18,  if  H=l,  as 
we  ah^eadyknovv  from  the  composition  of  water.  Its  vapour  density, 
or  D,  compared  to  hydrogen  =  9,  and  consequently  for  water  C=2,  and 

therefore  and  in  general  for  the  molecules  of  all  substance     f)^*^* 

Consequently,  the  weight  of  a  molecule  is  equa!  to  twice  its  vapour 
density  expressed  in  relation  U*  hydrogen,  and  conversely  ihe  detmit/  qf 
a  giun  is  efjual  to  hitlf  Ui^  tnalticnlnr  tveujht  re/erred  to  hydrogeiL 

The  truth  of  this  may  be  seen  from  an  infinitely  large  number  of 

and  the  Uw  of  gravity,  kti.),  proves  to  Iw  not  on  empirical  ded«ict)nn  frtira  direct  obser- 
vdtion  imrl  ex|)enineiit,  not  a  direct  reHuH  of  aDalyHiB,  but  a  creation,  n  pen  kI  rut  ion  of  **n 
im|iiirin^  fnind,  which  ift  ipiided  and  dire^tf^d  only  by  experiment  and  obnervfttion^a 
eijutbesis  to  which  the  exAct  scienceH  firt]  capable  U>  an  eqnid  extent  with  the  hi];h«iHt  formK 
^lOf  txi>  Without  tfttch  tt  Hjnthoticid  prooeBR  of  reaiK>nir}g,  rtoience  would  only  b«  u 
eeUection  of  th^  results  of  frrdnon»  Uboar^j&nd  would  noi  Ikj  di»tinguiiihe<l  by  that  forcti 
irith  which  it  in  r«ully  endowed  wh<*n  onoe  it  ^acceed^*  in  uttAining  a  Hyntheaia^  or  coo- 
cordiuic«  of  ontwj*rd  form  with  the  iimer  nature  of  things,  without  departing  from  tlie 
luudyaia  of  individual  parts ;  in  *hart,  when  it  di»coverM  by  meanii  of  outward  lorms» 
which  we  apparent  to  tlie  seu*e  o(  touch,  to  t»b»«rvati<in»  and  t*J  the  nnud^  the  iutenml 
f^ignificatioii  of  tiiingii^diHCorering  «itnpUcity  in  oomplexity  and  uniformity  in 
diveriuty. 
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observed  vapour  densities  by  comparing  them  with  the  results  obtained 
by  calculation.  As  an  illustration,  we  may  point  out  that  for  ammonia, 
NH3,  the  weight  of  the  molecule  or  quantity  of  the  reacting  sub- 
stance, as  well  as  the  composition  and  weight  corresponding  with  the 
formula,  is  expressed  by  the  figures  14  +  3=17.  Consequently,  M = 1 7 . 
Hence,  according  to  the  law,  D=8*5.  And  this  result  is  also  obtained 
by  experiment.  The  density,  according  to  the  formula  and  experiment, 
of  nitrous  oxide,  N2O,  is  22,  of  nitric  acid  15,  and  of  nitric  peroxide  23. 
In  the  case  of  nitrous  anhydride,  N.2O3,  as  a  substance  which  dissociates 
into  NO  4-  NO2,  the  density  should  vary  between  38  (so  long  as  the 
N2O3  remains  unchanged),  and  19  (when  NO-I-NO2  is  obtained). 
There  are  no  figures  of  constant  density  for  H2O2,  NHO3,  N2O4,  and 
many  similar  compounds  which  are  either  wholly  or  partially  decom- 
posed in  passing  into  vapour.  Salts  and  similar  substances  either  have 
no  vapour  density  because  tliey  do  not  pass  into  vapour  (for  instance, 
potassium  nitrate,  KNO3)  without  decomposition,  or  if  they  pass 
into  vapour  without  decomposing,  their  vapour  density  is  observed 
with  difficulty  only  at  very  high  temperatures.  The  practical  de- 
termination of  the  vapour  density  at  these  high  temperatures  (for 
example,  for  sodium  chloride,  ferrous  chloride,  stannous  chloride,  <fec.), 
requires  special  methods  which  have  been  worked  out  by  Sainte-Claire, 
Devillc,  Crafts,  Nilson  and  Pettersson,  Meyer,  Scott,  and  others. 
Having  overcome  the  difficulties  of  experiment,  it  is  found  that  the 
law  of  Avogadro-Gerhardt  holds  good  for  such  salts  as  potassium 
iodide,  beryllium  chloride,  aluminium  chloride,  ferrous  chloride,  etc. — 
that  is,  the  density  obtained  by  experiment  proves  to  be  equal  to  half 
the  molecular  weight — naturally  within  the  limits  of  experimental 
error  or  of  possible  deviation  from  the  law. 

Gerhardt  deduced  his  law  from  a  groat  number  of  examples  of 
volatile  carbon  compounds.  We  shall  become  actjuainted  with  certain  of 
them  in  the  following  chapters  ;  their  entire  study,  from  the  complexity 
of  the  subject,  and  from  long-established  custom,  foi'ms  the  subject 
of  a  special  branch  of  chemistry,  termed  *  organic  '  chemistry.  With  all 
these  substances  the  observed  and  calculated  densities  are  very  similar. 

When  the  consequences  of  a  law  are  verified  by  a  great  number  of 
observations,  it  should  be  considered  as  confirmed  by  experiment.  But 
this  does  not  exclude  the  possibility  of  apparent  deviations.     They  may 

evidently  be  of  two  kinds  :  the  fraction  ^     may  be  found  to  be  either 

greater  or  less  than  2 — that  is,  the  calculated  density  may  be  either 
greater  or  less  than  the  observed  density.  When  the  difference  between 
the  results  of  experiment  and  calculation  fall  within  the  possible  errors 
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of  experiment  (for  example,  equal  to  hundredths  of  the  density),  or 
within  a  possible  error  owing  to  the  laws  of  gases  having  an  only 
approximate  significance  (as  is  seen  from  the  deviations,  for  instance, 

M 

from  the  law  of  Boyle  and  Mariotte),  then  the  fraction      proves  but 

slightly  different  fi-om  2  (between  1*9  and  2-2),  and  such  cases 
as  these  may  be  classed  among  those  which  ought  to  be  expected 
from  the  nature  of  the  subject.     It  is  a  different  matter  if  the  quotient 

M 

of     .  be  several  times,  and  in  general  a  multiple,  greater  or  less  than 

2.  The  application  of  the  law  must  then  be  explained  or  it  must  be 
laid  aside,  because  the  laws  of  nature  admit  of  no  exceptions.     We  will 

therefore  take  two  such  cases,  and  first  one  in  which  the  quotient  -;_ 

is  greater  than  2,  or  the  density  obtained  by  experiment  is  less  titan  is 
in  accordance  vnth  the  laic. 

It  must  be  admitted  as  a  consequence  of  the  law  of  Avogadro- 
Gerhardt,  that  there  is  a  decomposition  in  those  cases  where  the  volume 
of  the  vapour  corresponding  with  the  weight  of  the  amount  of  a 
substance  entering  into  reaction  is  greater  than  the  volume  of  two 
parts  by  weight  of  hydrogen.  Suppose  the  density  of  the  vapour  of 
water  to  be  determined  at  a  temperature  above  that  at  which  it  is 
decomposed,  then,  if  not  all,  at  all  events  a  large  portion  of  the  water 
will  be  decomposed  into  hydrogen  and  oxygen.  The  density  of  such  a 
mixture  of  gases,  or  of  detonating  gas,  will  be  less  than  that  of  aqueous 
vapour  ;  it  will  be  equal  to  6  (compared  with  hydrogen),  because 
1  volume  of  oxygen  weighs  16,  and  2  volumes  of  hydrogen  2  ; 
and,  consequently,  3  volumes  of  detonating  gas  weigh  18,  and  1 
volume  6,  whilst  the  density  of  aqueous  vapour  =9.  Hence,  if  the 
density  of  aqueous  vapour  be  determined  after  its  decomposition,  the 

M 

quotient  -_    would  be  found  to  be  3  and  not  2.     This  phenomenon 

might  be  considered  as  a  deviation  from  Gerhard t's  law,  but  this  would 
not  be  correct,  because  it  may  be  shown  by  means  of  diffusion  through 
porous  substances,  as  described  in  Chap.  II.,  that  water  is  decomposed 
at  sjich  high  temperatures.  In  the  case  of  water  itself  there  can 
naturally  be  no  doubt,  because  its  vapour  density  agrees  with  the  law 
at  all  temperatures  at  which  it  has  been  determined.**     But  there  are 

1^  As  the  density  of  aqueous  vapour  remains  constant  within  the  limits  of  exx)eri- 
niental  accuraty,  even  at  1000^,  when  dissociation  has  certainly  commenced,  it  must  be 
admitted  that  only  a  very  small  amount  of  water  is  decomposed  at  these  temperatures. 
If  even  10  -p.c.  of  water  were  decomposed,  then  the  density  would  be  8*57  and  the 
quotient  M  D  =  2'l,  hut  at  the  high  temperatures  here  concerned  the  error  of  experiment 
is  not  greater  than  the  difference  of  this  quantity.     And  probably  at  1000^  the  dissocia- 
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many  sul>stances  which  decompose  with  great   ease  dii'ectlj  they  are 

volatilised,  and  which  only  exist  as  solids  or  liquids,  Imt  not  in  a  state 

of  vapour*     There  are,  for  example,  many  salts  of  thla  kind^  liesides  all 

defimte  solutions  having  a  constant  boiling  pointy  all  the  compounds  of 

ammonia — for    example,    all    ammonium   salts — ikc.      Their     vapour 

densities,  determined  by  Bineau,  Deville,  and  others,  show  that  they 

do   not  agree    with    Gerhardt*s   law.     Thus,    the    vapour  density  of 

sabammoniac,     NH^Cl,    is    nearly     14     (compared    with    hydrogen), 

whilst    its    molecular    weight    is   not   less   than    53*5,    whence    the 

vapour   density    should     lie    nearly    27    according   to   the   law.     The 

molecule   of  sal-ammoniac  cannot  be  less  than  NH^Cl,  because  it  is 

fttraied  from  the  molecules  NH^and  HCl,  and  contains  single  atoms  of 

nitrogen  and  chlorine,  and  therefore  it  cannot  be  divided  ;  it,  further, 

never  enters  into  reactions  with  the  molecules  of  other  substances  (for 

instance,  y>otassium  liydroxide  or  nitric  acid)  in  quantities  of  less  than 

53*5  parts  by  weight,  I'c.     The  calculated  density  (27)  is  here  double 

M 
the  observed  density  (about  14),  hence    _.    =4  and  not  2.     For  this 

reason  the  vapour  density  of  sal-ammoniac  for  a  long  time  served  as 
an  argument  for  doubting  the  truth  of  the  law.  But  it  proved  other- 
wise, after  the  matter  had  been  fully  studied.  The  low  density 
depends  on  the  decomposition  of  sal-ammoniac,  on  volatilising^  into 
ammonia  itncl  hydrogen  chluride.  The  observed  detisity  is  not  that  of 
sal-ammoniac,  but  of  a  mixture  of  NH^  and  HCI,  which  should  be 
nearly  14,  because  the  density  of  NH;^==8"5  and  of  HG1=18%'>,  and 
therefore  the  density  of  their  mixture  (in  equal  volumes)  should  be 
13*3J^  The  actual  decomposition  of  the  vapours  of  sal-ammoniac  was 
demonstrated  by  Pebal  and  Than  by  tlie  same  method  as  the  decom- 
position of  water,  by  passing  the  vapour  of  sal-ammoniac  through  a 
porous  substance.  The  experiment  demonstrating  the  decomposition 
during  volatilisation  of  sal-ammoniac  inay  be  made  very  easily,  and  is 
a  very  instructive  point  in  the  history  of  the  law  of  Avogadro-Gerhardt, 
because  without  its  aid  it  would  never  ba\e  been  inmginefl  that  sal- 
ammoniac  decomposed  in  volatilising,  as  this  decomposition  bears  all 
the  signs  of  simple  sublimation  ]  consequently,  the  knowledge  of  the 
decomposition    itself  was   forestalled   by  the   law.     Tlie   whole  force 


tion  is  fiir  irmn  Ihmh>(  etjutvl  to  10  p.c.     Therefore,  the  t>ariaiion  in  the  vapour  dgnMitff  i 
of  waiter  rannui  btt  the  meant  of  asceriainimj  th^  amount  ofita  dissociation. 

**  TIiIk  exjjlimHtion  of  the  vnpoar  denftity  of  tuil-aiiiinoniac,  hiilplmric  iicid,  fuid  ' 
fiiiiulliur  KubNtuiicea  which  decompoBO  in  being  clistilkKl  with  the  mont  natural  to  rewirt  to 
AH  soon  OA  the  application  of  the  law  of  Avogijtdro-Cierhardt  to  chemical  relatiotiii 
was  begimi  it  wart,,  for  instance,  given  in  my  work  on  Spfcific  volttmes,  185|$, 
]h  W,  Tile  fontmlrt,  51  D  =  2t  which  later  wan  upplietl  by  many  other  inveaiigatora,  bad 
iij ready  been  wp|thec1  in  tliat  work. 
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and  visible  use  of  the  discovery  of  the  law»  of  nature  lies  in^  and  is 
expressed  by»  the  fact  that  they  enable  the  unknown  to  be  foretold,  and 
the  unobsened  to  Iw  foreseen.  The  arfargement  of  the  experiment  is 
based  on  the  following  reasoning.**  According  to  the  law  and  to 
experiment  the  density  of  anmionia,  NIl^ij  is  S]j,  and  of  hydrochloric 
acid,  HCl,  18|,  if  tlie  density  of  hydrogen ^^L  Conset|nently,  in  a 
mixture  of  NH3  and  HCl,  the  ammonia  will  penetrate  much  more 
rapidly  through  n  porous  mass,  or  a  fine  orifice,  than  the  heavier  hydnj- 
c'hloric  acid,  jitat  as  in  a  former  experiment  tbe  hydrogen  penetrated 
more  rapidly  than  oxygen.  Therefore,  if  the  vap(jur  of  sal-ammoniac 
comes  into  contact  with  a  porrtus  mass,  the  ammonia  will  pass  through 
it  in  greater  quantities  than  the  hydrochloric  acid,  and  this  excess  of 
ammonia  may  be  discovered  by  means  of  moist  red  litmus  paper,  which 
should  be  turned  blue.  If  the  vapour  of  sal-ammoniac  M'ere  not 
decomposed,  it  would  jmss  through  the  poi'ous  mass  as  a  whole,  and  the 
colour  of  the  litmus  paper  would  not  be  altered,  because  sal-ammoniac 
is  a  neutral  salt.  Thus,  by  testing  with  litmus  tbe  substance  piissing 
through  the  porous  mass,  it  may  be  decided  whether  the  sal-ammoniac 
is  decomposed  or  not  when  passing  into  vapour.  Sal-ammoniac 
volatilises  at  so  moderate  a  temperature  that  the  experiment  may  be 
conducted  in  a  glass  tube  heate*!  by  means  of  a  lamp,  an  asbestos 
plug  being  placed  in  tbe  central  portion  of  a  glass  tube.*'  The  asbestos 
forms  a  porous  mass,  wdnch  is  not  changed  at  a  high  temperature.  A 
piece  of  dry  sal-ammoniac  is  placed  at  one  side  of  the  asbestos  plug, 
and  is  heated  ly  a  Bun.sen*s  burner.  The  vajwura  formed  are  driven 
by  a  current  of  air  forced  from  a  gasometer  or  bag  through  two  tubes 
containing  pieces  of  moist  litmus  paper,  one  blue  and  one  red  paper  in 
each.  If  the  sal  ammoniac  be  heated,  then  the  ammonia  appears  on  the 
opposite  side  of  the  asbestos  plug,  and  the  corresponding  litmus  turns 
blue.  And  as  an  excess  of  hydrochloric  acid  remains  on  the  side  w^here 
the  sal-ammoniac  is  heated,  therefore  it  turns  the  litmus  at  that  end 
red.  This  proves  tliat  the  sal-ammoniac,  when  converted  into  vapour, 
splits  up  into  ammonia  and  hydrochloric  acid,  and  at  the  same  time 
gives  an  in  si  a  nee  of  the  possibility  of  correctly  conjecturing  a  fact  on 
the  basis  of  the  law  of  Avogadro-Gerhanlt 

Sa  ftlso  the  fact  of  a  decomposition  may  be  proved  in  the  other 

M 

instances  w^here  j.  proved   greater   than    2,   and   hence  the  apparent 


**  The  beginner  must  remember  that  an  exjierimont  and  tlie  mode  in  whioh  it  ii 
etmried  out  must  he  determined  by  the  principle  or  Toet  wbicb  it  ift  intended  to  illastrate, 
and  not  vice  verad  &»  some  sdppoBe,  The  i()e«i  which  determines  tbe  noc^SHity  of  an 
experiment  in  the  chief  comsideriLtion. 

'^  It  l»  important  thut  the  taWs^  asbestos.  And  ^lUammoninc  shonld  be  diy^  u  otber- 
iri«6  tbe  moisture  ri.^tainB  tlie  aniinonia  and  hydrogen  chloride. 
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deviations  appear  in  reality  as  an  excellent  proof  of  the  general  applica- 
tion and  significance  of  the  law  of  Avogadro-Gerhardt. 

M 
In  those  cases  where  the  qurOtient   jc  proves  to  be  less  than  2,  or 

the  observed  density  greater  than  that  calculated  by  a  multiple  number 

of  times,  the  matter  is  evidently  more  simple,  and  the  fact  obsen'ed 

only  indicates  that  the  weight  of  the  molecule  is  as  many  times  greater, 

as  that  taken  as  the  quotient  obtained  is  less  than  2.     So,  for  instance, 

in  the  case  of  ethylene,  whose  composition  is  expressed  by  CHg,  the 

density  was  found  by  experiment  to  be  14,  and  in  the  case  of  amy- 

lene,  whose  composition  is  also  CHj,  the  density  proved  to  be  35,  and 

consequently  the  quotient   for  ethylene=l,  and  for  amylene=?.     If 

the  molecular  weight  of  ethylene  be  taken,  not  as  14,  as  might  be 

imagined  from  its  composition,  but  as  twice  as  great— namely,  as  28 — 

and  for  amylene  as  five  times  greater — that  is  as  70 — then  the  molecular 

composition  of  the  first  will  be  C2H4,  and  of  the  second  C=,H,o,  and  for 

M 
both  of  them   jc-  will  be  equal  to  2.     This  application  of  the  law, 

which  at  first  sight  may  appear  perfectly  arbitrary,  is  nevertheless 
strictly  correct,  because  the  amount  of  ethylene  which  reacts — for 
example,  with  sulphuric  and  other  acids — is  not  equal  to  14,  but  to  28 
parts  by  weight.  Thus  with  H2SO4,  Bro,  or  HI,  &c.,  ethylene  com- 
bines in  a  quantity  C2H4,  and  amylene  in  a  quantity  0^11,0,  and  not 
CH.2.  On  the  other  hand,  ethylene  is  a  gas  which  liquefies  with  diffi- 
culty (absolute  boiling  point  =  + 10°),  whilst  amylene  is  a  liquid  boiling 
at  35°  (absolute  boiling  point=  +  192°),  and  by  admitting  the  greater 
density  of  the  molecules  of  amylene  (M=70)  its  difference  from  the 
lighter   molecules   of   ethylene    (M  =  28)   becomes   clear.       Thus,    the 

M 

smaller  quotient  -j^  ^^  ^^  indication  of  ^polymerisation^  as  the  larger 

quotient  is  of  decomposition.  The  difference  between  the  densities  of 
oxygen  and  ozone  (Chap.  IV.)  is  a  case  in  point. 

On  turning  to  the  elements,  it  is  found  in  certain  cases,  especially 
with  metals — for  instance,  mercury,  zinc,  and  cadmium — that  that 
weight  of  the  atoms  which  must  be  acknowledged  in  their  compounds 
(of  which  mention  will  be  afterwards  made)  appears  to  be  also  the 
molecular  weight.  Thus,  the  atomic  weight  of  mercury  must  be  taken 
as=200,  but  the  vapour  density =100,  and  the  quotient=2.  Con- 
sequently, the  molecule  of  mercury  contains  one  atom,  Hg.  It  is  the  same 
with  sodium,  cadmium,  and  zinc.  This  is  the  simplest  possible  molecule, 
which  necessarily  is  only  possible  in  the  case  of  elements,  as  the  mole- 
cule of  a  compound  must  contain  at  least  two  atoms.     However,  the 
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-molecules  of  many  of  the  elements  prove  to  be  complex — for  instance, 
the  weight  of  an  atom  of  oxygen=16,  and  its  density =16,  so  that  its 
molecule  must  contain  two  atoms  O2,  which  might  already  be  concluded 
by  compaiing  its  density  with  that  of  ozone,  whose  molecule  contains 
O3  (Chap.  IV.).  So  also,  the  molecule  of  hydrogen  equals  Hj,  of 
chlorine  CI 2,  of  nitrogen  Nj,  &c.  If  chlorine  react  with  hydrogen,  the 
volume  remains  unaltered  after  the  formation  of  hydrochloric  acid, 
H2  +  Cl2=HCl4-HCl.  It  is  a  case  of  substitution  between  the  one 
and  the  other,  and,  therefore,  the  volumes  remain  constant.  There  are 
elements  whose  molecules  are  much  more  complex — for  instance,  sulphur, 
Sg — although  by  heating  the  density  is  reduced  to  a  third,  and  Sg  is 
formed.  Judging  from  the  vapour  density  of  phosphorus  (D=62) 
the  molecule  contains  four  atoms  P4.  Hence,  many  elements,  when 
polymerised,  appear  in  molecules  which  are  more  complex  than 
the  simplest  possible.  In  carbon,  as  we  shall  afterwards  find,  a 
very  complex  molecule  must  be  admitted,  as  otherwise  its  nonvola- 
tility  and  other  properties  cannot  be  understood.  And  if  compounds 
are  decomposed  by  a  more  or  less  powerful  heat,  and  if  poljoneric 
substances  are  depolymerised  (that  is,  the  weight  of  the  molecule 
diminishes)  by  a  rise  of  temperature  as  N2O4  passes  into  NO^, 
or  ozone,  O3,  into  ordinary  oxygen,  Oj,  then  we  might  expect  to 
find  the  splitting-up  of  the  complex  molecules  of  elements  into 
the  simplest  molecule  containing  a  single  atom  only — that  is  to 
say,  if  O2  be  obtained  from  O3,  then  the  formation  of  O  might  also 
be  looked  for.  The  likelihood  of  such  a  proposition  is  indicated 
by  the  vapour  of  iodine.  Its  normal  density=127  (Dumas,  Deville, 
and  others),  which  corresponds  with  the  molecule  I^,  At  tempera- 
tures above  800°  (up  to  which  the  density  remains  almost  con- 
stant), this  density  distinctly  decreases,  as  is  seen  from  the  verified 
results  obtained  by  Victor  Meyer,  Crafts,  and  Troost.  At  the  ordinary 
pressure  and  1000°  it  is  about  100,  at  1250°  about  80,  at  U00°  about 
75,  and  it  apparently  strives  to  reduce  itself  to, one-half — that  is,  to  63. 
Under  a  reduced  pressure  this  splitting-up,  or  depolymerisation,  of 
iodine  vapour  actually  reaches  a  density  *®  of  66,  as  Crafts  demon- 
strated by  reducing  the  pressure  to  100  mm.  and  raising  the  temperature 
to  1500°.  From  this  it  may  be  concluded  that  at  high  temperatures  and 
low  pressures  the  molecule  Ij  gradually  passes  into  molecule  I  containing 
one  atom  like  mercury,  and  that  something  similar  occurs  with  other  ele- 
ments at  a  considerable  rise  of  temperature,  which  tends  to  bring  about 

1*  JuHt  as  we  saw  (Chap.  VT.  Note  46)  an  increase  of  the  dissociation  of  S.jO^  and  the 
fonnation  of  a  large  proportion  of  NO2,  with  a  decrease  of  pressure.  The  spUtting-ap  of 
1 2  into  I  + 1  is  a  similar  dissociation. 
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the  disunion  of  compuuncls  uml   the  decomposition  of  eompJex  mole* 

Besides  these  cases  of  apparent  rliscrepancy  froiii  the  law  of  Avogadro- 
Gerbardt  there  is  yet  a  third,  which  is  the  last,  and  one  which  is  very 
instructive.  In  the  investigation  of  sepai'ate  substiiiices  they  have  to 
be  isolated  in  the  purest  possible  form,  and  their  chemical  and  physical 
properties,  and  among  them  the  vapour  density,  then  determined. 
If  it  be  normal — that  is,  if  Ds^M  2 — it  is  a  proof  of  the  purity  of  the 
substance  and  of  its  freedom  from  all  impurities.  If  it  be  abnormal — 
that  is,  if  D  be  not  equal  to  M/2 — then  for  those  who  do  not  believe 
in  the  law  it  ap^pears  as  a  new  ar-gument  ai^rainst  it  and  nothing  moi«  ; 
but  to  those  who  have  already  giasped  the  impoi'tant  significance  of 
the  law  it  becomes  clear  that  there  is  some  error  in  the  observation, 
or  that  the  density  was  deterniine<l  under  conditions  in  which  the 
vapour  does  nut  follow  the  laws  of  Boyle  or  Gay-Lussac,  or  else  that 
the  substance  has  not  been  sufficiently  puritied,  and  contains  impurities, 
itc.  The  law  of  A vogadro- Gerhard t  then  appears  as  a  con\incing 
evidence  of  the  necessity  of  a  fresh  and  more  exact  research.  And  as 
yet  the  causes  of  error  have  always  been  found.  There  are  not  a  few 
examples  in  point  in  the  recent  history  of  chemLstry,  We  will  cite 
une  instance.  In  the  ease  of  pyrosulphuryl  chloride,  S^O^CU,  M  -*215, 
and  consequently  I>  should  ^107 '5,  instead  of  which  *\der  and  others 


1^  Although  *t  firut  {here  uppeared  U»  be  li  simihir  phenoiutnon  m  the  ca«e  of  chloH»e, 
It  was  ftftenvards  proved  that  if  there  b  a  diecreaBe  of  denBity  it  in  only  a  Hrgiull  oniJ>.  In 
the  cibBie  of  ljri»iiiinu  it  ik  not  niucli  greater,  And  is  far  from  bem}i£  eqni>i1  ti>  that  for  iodine* 

As  we  in  geiieitil  very  oftuu  involuntarily  CMonfus*  chenueiil  processes  with  phyHicui, 
it  WMfcy  be  that  n  physitul  prwess  of  change  in  the  ci:>efficieiit  of  expansion  with  a  ch&nge 
of  temperature  and  molecular  weight  parti ei pate a^  if  not  wholly,  at  all  events  partially, 
in  the  matter  of  the  cleeTeu!M3  of  the  doniiity  of  chlorine^  hroniine^  and  iodino.  Tlins,  1 
have  remarked  (Conipteii  Heiidua,  IKTO)  that  tlie  eoeffieient  of  expani^iou  of  gaftei*  increAfi>68 
with  tlieir  molecular  wtjight,  and  (Chap.  II.  Note  2(V)  the  reBults  of  direct  experiment 
diow  the  t'oefJicient  of  expansion  of  hydrohromic  acid  (M  =  Ml)  to  bo  0"CM)386  iiuteiid  of 
ULK»867  for  hydrogen  (M  =  2}.  Therefore,  in  tlie  taim  of  the  vaixmr  of  iodine  (M  =  25i)  a 
very  large  cm^flieicnt  of  expannion  is  to  be  expected,  and  from  thiw  eauiie  alone  the 
density  would  fall.  As  tlie  moleciile  of  chlorine  CL^  ia  lighter  (*  71)  than  thntof  bromioe 
(*»li>0),  which  in  lighter  tbiin  that  of  iodine  (  =  *J 54),  tlifrefore  the  order  in  wbieh  the 
iit(?couipoKability  of  the  vapours  of  thet<e  haloldn  is  obiierved  cnrreKp<mdK  with  the  expected 
Tine  in  the  eoefficient  of  exptuiston.  Taking  tlie  coeflFieient  of  expanHion  of  iodine  vapour 
iiH  0004,  then  at  lOOO^  itH  den^iity  would  already  be  llti.  Therefore  it  may  be  that  Uie 
diHstHriation  of  iorline  is  only  an  apparent  phenomenon.  However,  on*  the  other  hand ^ 
the  heavy  vapowrn  of  mertury  (M  =  'iOO,  D^  100)  »c»iirc**ly  decreape  in  densiity  at  a  tcm- 
l>eratiire  of  1500°  (D=-t»H,  according  to  Victor  Meyer) ;  but  it  mui^t  not  }m  forgotten  th^t 
the  molecule  of  mercury  contains  only  one  atom,  whilst  that  of  iodine  ^tjnttuns  two,  whicti 
would  Bigtiify  much.  QueHtinnn  of  thin  kind  which  are  difficult  to  decide  by  exj>erinie.nt«1 
nieauH  (ertpeoially  tht*  accurate  detenniiitttion  of  t)  must  remain  lone;  without  being  d«fi> 
nitely  explained  by  reason  of  the  difficulty,  and  «<]metiuie»  inipofpsibihty,  of  separating 
physical  from  cbenucikl  ohivnges* 
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obtained  53-8 — that  is,  a  density  half  as  great ;  and  farther,  Ogier 
(1882)  deraonstrat'ed  clearly  that  tlie  substance  is  not  dissociated  by 
distillation  into  SO^  and  SC^Clj,  or  any  other  two  products,  and  thus 
the  abnormal  density  of  S^O^CLj  ivmained  unexplained  until  D.  P. 
Konovaloff  {1885)  showed  that  the  previous  investi«fators  were  working 
with  a  mixture  (containing  SO^HCIX  and  tlrat  py  rosulphuryl  chloride  haa 
a  normal  density  of  approximately  107.  Had  not  the  law  of  Avogadro- 
Gerhardt  served  as  a  guide,  the  impure  liquid  would  have  still  passed 
as  pure  ;  all  the  more  as  the  determination  of  the  amount  of  chlorine 
could  not  aid  in  the  discovery  of  the  impurity.  Thus,  by  following  a 
true  law  of  nature  we  are  aided  in  the  attainment  of  true  deductions. 

All  cases  winch  have  been  stutlie+l  confirm  the  law  of  Avogaili'o- 
Gerhard t,  and  as  by  it  a  deduction  is  obtained,  from  the  deter- 
mination of  tlie  vapour  density  (a  purely  physical  property),  as  to  the 
size  of  the  molecule  or  quantity  of  a  substance  entering  into  choiniail 
reaction^  therefore,  this  law  links  together  the  two  provhices  of  learn- 
ing— physics  and  ch<?ndstry^in  the  most  powerful  mfinner.  Besides 
which,  the  law  of  Avugaciro-Oerliardt  places  the  conceptions  of  moh- 
-culrs  and  atonui  on  a  hnii  foundation,  which  was  previously  wanting, 
Althouifh  since  the  days  of  Daltoii  it  had  become  evident  that  it  w^as 
necessary  to  admit  the  existence  of  the  atom  (the  chemical  individual 
indivisible  by  chemical  or  other  forces)  of  elements,  and  the  groups  of 
-atoms  or  molecules  of  compounds  indivisible  by  mechanical  and  physical 
forces  ;  still  the  I'clative  magnitude  of  the  molecule  and  atcfm  was  not 
defined  with  sufficient  clearness.  So,  for  instance,  the  atomic  weight  of 
oxygen  might  1>e  taken  as  8  or  16,  or  any  multiple  of  these  numbers, 
and  nothing  indicated  a  means  for  the  acceptation  of  one  or  another  of 
these  njagnitiides  ;  '^  whilst  as  regards  the  weight  of  the  molecules  of 
■elements  and  compounds  thei-o  was  no  trustworthy  conception  whatever. 

i*  Aiid  BO  it  vr&8  in  the  ftftien.  8ome  took  0>=^B,  others  O'ltl.  Wttt«r  in  the  fiM 
COMb  woald  be  HO  and  bydmgen  i)ero3cide  HO.»,  and  in  the  *«*cond  ciiso,  aH  ia  uow  genti- 
nJly  ifteoepted,  water  H^O  uLiid  hydrogen  peroxidu  HjO.j  or  HO.  DiHi^n^iitoii  and  confa- 
liion  wen*  reigning.  In  1H(K>  the  chemists  of  the  whole  world  met  at  Cftrlnruhe  for  the 
pttrpofie  of  arriving  at  Honie  agreement  and  nnifomuty  of  o|)inioD.  I  wit«  preBent  Ht  thia 
Ckmgretts^  and  well  remember  how  great  was  the  diSerence  of  oijinion,  luiil  how  a  condi- 
tional agreement  waK  defended  witlii  the  greatet$t  aetuneii  by  the  runkw  of  Kc-it*nce,  and  with 
what  warmth  the  followers  of  Gerhardt,  at  whoKc  head  ntood  the  Italian  profeBsor, 
Cfinizzaro,  followed  up  the  oonnequenceK  of  the  law  of  Avogadro.  In  the  reign  of 
•cientilic  freedom  (without  wliicli  acienec  would  make  no  progrewi^,  and  would  remain 
petrified  as  in  the  middle  age»Ji  and  with  the  BimultaneouH  necertnily  of  scientific  conaet- 
Vfttiam  (withoat  which  the  roots,  of  past  ntiidy  could  give  no  fruit)  a  conditional  agree- 
ment waa  not  arrived  at,  and  ought  Tir>t  to  hu%'e  been,  but  instead  of  it  truth,  in  the  lann 
<jf  the  law  af  Avogadro- Gerhrtrdt,  received  by  mean r  of  the  Congrens  a  wider  develops 
ment,  ftud  iwon  afterwiirdH  conquered  all  mind^.  Tlien  the  new  j^o-call^  Gerhardt 
Atomic  weightii  estabhtihed  tlieni^dvea,  and  in  the  seventies  they  had  already  become 
generally  used. 
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With  the  establishment  of  the  law  the  conception  of  the  molecule- 
was  fully  defined,  and  from  it  the  conception  of  the  magnitude  of  the 
atom  of  elements. 

The  particle  or  chemical  particle  or  molecule  must  be  cotisidered  as 
the  quantity  of  a  substance  entering  into  chemical  reaction  urith  other 
molectcles,  and  which  in  a  state  of  vapour  occupies  the  sauie  volume  as 
tux>  parts  by  weight  of  hydrogen 

The  molecular  weight  (which  has  been  indicated  by  M)  of  a  sub- 
stance is  determined  by  its  composition,  transformations,  and  vapour 
density. 

The  molecule  is  not  divisible  by  the  mechanical  and  physical 
changes  of  substances,  but  in  chemical  reaction  it  is  either  altered  in 
its  properties,  or  quantity,  or  structure,  or  in  the  nature  of  the  move- 
ment of  its  parts. 

An  agglomeration  of  molecules,  wiiich  are  alike  in  all  chemical 
respects,  makes  up  the  masses  of  definite  homogeneous  substances  in  all 
states.*^  • 

Molecules  consist  of  atoms  in  a  certain  state  of  distribution  and 
movement,  just  as  the  solar  system^®  is  made  up  of  inseparable  parts- 
(the  sun,  planets,  satellites,  comets,  kc).     The  greater  the  number  of 

^'  A  volume  of  gas,  u  droi)  of  a  liquid,  or  the  smallest  crystal,  presents  an  tvggUmieration 
of  a  number  of  molecules,  in  a  state  of  movement,  continuously  repeated  (like  the  stars  of 
the  milky  way),  distributing  themselves  in  order  or  forming  their  new  systems.  If  the  aggre- 
gation of  all  kinds  of  heterogeneous  molecules  be  possible  in  a  gaseous  state,  where  the 
molecules  are  considerably  removed  from  each  other,  then  in  a  liquid  state,  where  the 
molecules  are  already  close  together,  such  an  aggregation  becomes  possible  only  in  that 
aspect  of  mutual  reaction  between  the  molecules  which  appears  in  their  chemical  attrac- 
tion, and  esi)ecially  in  the  faculty  of  heterogeneous  molecules  for  combining  together. 
Solutions  and  other  so-called  indefinite  chemical  compounds  should  be  regarded  in  this 
light.  According  to  the  representation  evolved  in  this  work  we  should  regard  them  as 
containing  both  the  compounds  of  the  heterogeneous  molecules  themselves  and  the  pro- 
ducts of  their  decomposition,  as  in  i)eroxide  of  nitrogen  N2O4  and  NO.2.  And  we  must 
consider  that  those  molecules  A,  which  at  a  given  moment  are  combined  with  B  in  AB, 
will  in  the  following  moment  become  free  in  order  to  again  enter  into  a  combined  form. 
Tlie  instances  of  chemical  equilibria  proper  to  dissociated  systems  cannot  be  regarded  in 
any  other  sense. 

^  This  strengthens  the  fundamental  idea  of  the  unity  and  harmony  of  the  type  of 
creation  which  forms  one  of  those  ideas  which  impress  themselves  on  man  in  all  ages, 
and  give  rise  to  a  hope  of  arriving  in  time,  by  means  of  a  lengthy  labour  of  discoveries, 
observations,  experiments,  laws,  hypotheses,  and  tlieories,  at  a  comprehension  of  the 
internal  and  in^'i8ible  structure  of  concrete  substances  with  the  same  degree  of  clearness 
and  exactitude  as  has  been  attained  in  the  visible  structure  of  the  heavenly  bodies.  It 
is  not  many  years  ago  since  the  law  of  Avogadro-Gerhardt  took  root  in  science.  It  is 
within  the  memorj'  of  many  living  scientific  men.  It  is  not  surprising,  therefore,  that  as 
yet  little  progress  has  been  made  in  the  province  of  molecular  mechanics ;  but  the  theory 
of  gases  alone,  which  is  intimately  connected  with  the  conception  of  molecules,  shows  by 
its  success  that  the  time  is  approaching  when  our  knowledge  of  the  internal  structure  of 
matter  will  grow  rapidly. 
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^toms  in  a  molecule,  the  more  complex  is  the  resultant  substance.  The 
equilibrium  between  the  dissimilar  atoms  may  then  be  more  or  less 
stable,  and  may  for  this  reason  give  more  or  less  stable  substances. 
Physical  and  mechanical  transformations  alter  the  velocity  of  the 
movement  and  the  distances  between  the  individual  molecules,  or  of  the 
atoms  in  the  molecules,  or  of  their  sum  total,  but  they  do  not  alter  the 
original  equilibrium  of  the  system  ;  whilst  chemical  changes,  on  the 
other  hand,  alter  the  molecules  themselves,  that  is,  the  velocity  of 
movement,  the  relative  distribution,  and  the  quality  and  quantity  of 
the  atoms  in  the  molecules. 

Atoms  are  (he  smallest  quantities  or  indivisible  chemical  masses  oj 
the  elements  forming  the  molecules  of  elements  and  compounds. 

Atoms  have  weight,  the  sum  of  their  weights  forms  the  weight  of 
the  molecule,  and  the  sum  of  the  weights  of  the  molecules  forms  the 
weight  of  masses,  and  is  the  cause  of  gravity,  and  of  all  the  phenomena 
which  depend  on  the  mass  of  a  substance. 

The  elements  are  characterised,  not  only  by  their  independent  exist- 
ence, their  incapacity  of  being  converted  into  each  other,  «kc.,  but  also 
by  the  weight  of  their  atoms. 

Chemical  and  physical  properties  depend  on  the  weight,  composi- 
tion, and  properties  of  the  molecules  forming  a  substance,  and  on  the 
weight  and  properties  of  the  atoms  forming  the  molecules. 

This  is  the  substance  of  those  conceptions  of  molecular  mechanics 
which  lie  at  the  basis  of  all  contemporary  physical  and  chemical 
constructions  since  the  establishment  of  the  law  of  Avogadro-Gerhardt. 
The  fecundity  of  the  principles  enunciated  is  encountered  at  every  step 
in  the  entire  sum  of  the  particular  cases  forming  the  present  store  of 
chemical  data.  We  will  here  cite  a  few  examples  of  the  application  of 
the  law. 

As  the  weight  of  an  atom  must  be  understood  as  the  minimum 
quantity  of  an  element  entering  into  the  composition  of  all  the  mole- 
cules formed  by  it,  therefore,  in  order  to  find  the  weight  of  an  atom  of 
oxygen,  let  us  take  the  molecules  of  those  of  its  compounds  which  have 
l>een  already  described,  together  with  the  molecules  of  certain  of  those 
carbon  compounds  which  will  be  described  in  the  following  chapter  : — 


Molecular 

Amount  of 

Molecular 

Amount  of 

Weight. 

Oxygen, 

Weight. 

Oxygen. 

H,0 

18 

16      . 

HNO3      63 

48 

N2O 

44 

16 

CO           28 

16 

NO 

30 

16 

COj         44 

32 

NO2 

46 

32 

318 
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The  nuuibi/r  uf  substimces  taken  might  he  con  side  mUy  inci'eased, 
but  the  result  would  he  the  same — that  is,  the  molecules  of  the  com* 
pounds  of  oxygf  n  would  never  l>e  found  to  contain  legs  than  16  parts 
by  weight  of  this  fleinent,  but  always  »16,  where  n  is  a  whole  number. 
The  molecular  weights  of  the  above  compounds  are  found  either  directly 
from  tlje  density  of  their  vapour  or  gas,  or  from  their  reactions.  Thus, 
the  vapour  density  of  nitric  acid  {as  a  substance  which  easily  decom- 
poses  above  its  boiling  point)  cannot  be  accurately  determined,  Imt  the 
fact  of  its  containing  one  part  by  weight  of  hydrogen,  and  all  its  pro- 
perties and  reactituis,  indicate  the  above  molecular  eomi>osition  and  no 
other.  In  this  manner  it  is  very  easy  to  tind  the  atomic  weight  of  all 
the  elements,  knowing  the  molecular  weight  and  composition  of  their 
compounds.  It  may,  for  instance,  be  e^isily  proved  that  less  than  ?*12 
parts  of  carbon  never  enters  into  the  molecules  of  cart»on  compounds, 
and  therefore  C  must  be  tiiken  as  12,  and  not  as  (i  which  was  the  case  be- 
fore Gerhardt.  In  similar  manner  the  atomic  weights  now  accepted  for 
the  elements  oxygen,  nitrogcTi^  carbon,  chlorine,  sulphur,  ttc,  were  found 
and  indubitably  established,  and  they  are  even  now  termed  the  Gerhai'dt 
atomic  weights.  As  regards  the  metals^  many  of  which  do  not  give  a 
single  volatile  compt>und,  we  shall  afterwards  see  that  there  are  also 
methods  by  which  their  atomic  weights  may  lie  estiiblishe»l,  but  never- 
theless the  law  of  Avogadro-Gerhardt  is  here  also  ultimately  ni- 
sorted  to,  in  order  to  remove  any  doubt  wtiich  may  be  encountered. 
Thus,  for  instance,  although  much  that  was  known  concerning  the 
compounds  of  l»ery Ilium  necessitated  its  atomic  weight  being  taken  as 
Be =9 — that  is,  the  oxide  as  BeO  and  the  chloride  BeCL^— still  certaiu 
analogies  gave  reason  for  considering  its  atomic  weight  to  be  Be^I3'5, 
in  which  ease  its  oxide  would  be  expressed  by  the  composition  BeiO^, 
and  the  chloride  BeCl^i/^'  It  was  then  found  that  the  vapour  density 
of  beryllium  chloride  was  approximately  40,  when  it  became  quite  clear 
that  its  molecular  weight  was  *S0,  and  as  this  satisfies  the  formula 
BeCl^  but  does  not  suit  the  formula  BeCl^,  it  therefore  became  neces- 
sary to  regard  the  atomic  weight  of  Be  as  9  and  not  as  13K 

*i  If  Bt»  =  l>tMU<i  Wrylliam  chlorid*?  Im  B«C]r;,  tlieu  for  everj*  9  parts  of  b«srylliiim 
tbere  are  71  pnrts  of  rlJoriiie,  and  the  molecular  weight  of  BeClj^W) ;  heme  the  vajwut 
fieiiMity  should  bt*  40  or  nkU.  If  Bti-lHo,  and  heryllium  chloride  l>e  BoClj,  then  to  13'6 
of  berjllitiui  Lheru  are  lOtV.I  of  chlorine  ;  heiico  the  n^olecuiar  weigljt  would  he  I'JOj  m^d 
thu  A  apour  deiitiity  *Mi  or  «1W.I.  Tin*  conipositini^  ls  evidently  tiie  Hanie  in  both  cuae^., 
becauHc  U:  71  :  :  IBTi :  IIHjS.  Thuw,  if  the  symbol  of  an  element  desijrnat<J  different 
fttomie  weightfi,  what  seem  to  b4?  very  different  fornmlte  may  equally  well  expresK  lioth 
tb«  j>ereentage  conii>oaition  of  c<:mipound»,  and  thoee  properties  wliich  are  required  by 
the  laws  of  mtiltiple  proportions  aiul  equivalentB.  The  ehemiiits  of  former  days 
iv{!«nrat£ly  expressed  the  eompOKition  of  Btih»tance»,aiid  lucurately  applied  Dnlton's  laws, 
liy  tihking  H  =  1,  O ^8,  C  =  H^  Si  =  llj  A:c.     TJic  Gerliardt  eqitivaletitB  ems  also  eatisfied  by 
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With  the  establishment  of  a  true  conception  of  molecules  and  atoms, 
fiiemical  formulii*  became  direct  expressions,  not  only  of  composi- 
tion,^^ but  also  of  molecular  weight  or  i^apotir  cit^nsiti/j  and  consequently 

t\wm,   l^eeause    0^l«,    C  =  V2,   Hi-3H,    Ac.,   are   multipl<^s   of    thfiw.     T1j«   chrnoo  of 

fiiiL'  or  the  other  multiple  qtmutity  for  the  Att^niic  wi?iifht  is  impoMKiljle  witiiont.  a  firm  and 

roiicrete  conceptinn  of  the  nifilecule  niid  Ataui,iuid  this  is  only  ubiaiui^tl  ab  a  t^fmitafjueac^i 

of  the  Iaw  of  Avo|?flrirtt-Gerh«ir<it,  and  therefore  tHe  co»t«m|ioirary  utouiic  weighi«  *r« 

the'  rt-Hulttt  of  thiA  Liw. 

*^  III  order  to  enk ulrtte  the  percentage  mnoxtntft  of  the  eleinentsi  contaitxnl  in  a  fdvea 

compmnd  fi'oiu  its  formula,  it  is  neeeftsAry  to  use  n  v<?ry  simpl**  |ipofKirtton  Hum.    ThuB» 

ff>r  €'Tcinn|jler  to  find  the  percentage  (vmount  of  hydroj^cn  in  hydrooldoric  iicid    we  reason 

nnfoHowH; — HCl  ^hows  that  hydro^'hloric  iicid  eontainft  ao'5  of  t-hlorine  iind   1    pnrt  of 

bydrt'njen.      Hente,  in    8K".5  p(\Tt«    of  hydroeliloric  iicid  there    i*    1   pnrt  hy  weiglii   of 

hydrogen,  conReqnrntly  ItKl  pArtsi  hy  wei)?ht  of  hydriKddonc  iwnd  will  contain  as  many 

umt«  o!   hydrogen   aa  100  is  greater  than  30'5;  therefi^re^  the  proportion   is  as 

100 
=  *™  =  2*789.  Therefore  100  parts  of  hydrochloric  acid  con- 


followa— * :  1 : :  100 :  afiaor  j-  = 


tain  !l'7B9  parts  of  hydrogen.  In  general,  when  it  ia  rei^nired  In  tmnsfer  a  formula  Into 
its  perceniatre  com  position,  we  mnHt  replace  th«  MyrnbolH  by  their  correffijonding  atomic 
weigbta  and  find  their  sum,  andknomn^the  timount  by  weiglitof  >i  given  element  in  it,  it 
is  easy  by  proportion  to  find  the  amount  of  this  element  in  lOU  or  any  otlier  qoautity  of 
parte  by  weight.  If,  on  the  contrary,  it  be  required  to  find  the  formula  from  a  gi\-f>ti 
percentage  eomjioBition,  we  must  proceed  as  foUows:  Divide  the  percentikge  amount  of 
iMu*li  clement  entering  into  the  cmnqHiKition  of  a  suh^ttince  by  ttft  atomic  weight,  and 
C>om)iit.rc  the  figure**  thu?i  obtained  together — they  should  be  in  aimple  multiple  proportion 
ioeoi'h  other.  Thus,  for  iuBtance,  from  the  j)ercentftgo  comp*3flition  of  hydrogen  peroxide^i 
5'8W  of  hydrogen  and  iU'VI  of  oxygen,  it  i^  e4i«y  to  find  its  formula ;  it  ii*  only  neceitsm'}*  to 
divide  the  amount  of  hydrogen  hy  unity  and  th«  ainomit  of  oxygen  by  U\.  The  nmnbera 
fi'fiH  and  A  H8  are  thus,  obtained,  which  i»re  in  the  ratio  of  1  :  1,  whieh  meauH  lliat  in 
hydrogen  (teroxide  there  In  one  it  torn  of  hydrogen  to  one  atom  of  oxygen. 

The  (oUowtng  is  a  proof  of  the  above  practical  rule  :—Thu(  to  Jind  ih^  rntio  f^f  f/k* 
number  of  atoms  from  thr  prrctntftf}^  cofn/wtftHnn,  it  U  H^rceraary  to  divtdf  Ow  per- 
eentage  amountt  by  th(^  atomic  wri^hts  of  the  cnrrrtpondtnff  »ub$tance*^  ftnd  to  Jind 
ih^  ratio  which  th*>»e  numberi  bear  to  rrtrh  oth*^.  Let  uh  BUppotie  that  two  radiclea 
(simple  or  compound),  whoiw?  HymbolK  and  combining  weights  are  A  and  B,  combuie 
together,  forming  a  eomiiound  composed  of  x  atomn  of  A  and  y  atoms  of  B»  Tlie 
formula  of  the  Hub^ttance  will  Ik*  A-rB//*  From  this  formula  we  know  that  oar  com|)otind 
containfl  jA  parts*  by  weight  of  tlie  firi^t  element,  and  ^B  of  the  second.     In  100  part»  of 

our  compound  there  will  be  fby  iiroportioa)  — -— '   vr  of  the  first  element,  and  }^^'V*^  _ 

of  the  second.    Let  ua  divide  theiie  quautitiea,  exprettatng  the  j^ereentage  amotinta  by  the 

oonveponding  combining  weights ;  we  tlien   obtain 

— r-  ^  ^  for  the  second  element. 

Idm  ratio  of  the  number  of  atomic  of  l>oth  HubHti 

It  may  be  further  observed  that  even  the  Tery  Ungnage  or  nomenckture  of 
oliemistry  acquire*  a  particular  clearoesa  and  concisene««  bymeann  of  the  eoneeption  of 
molecules,  because  then  the  names  of  ^abntances  may  directly  indicate  their  com[K)attiuit* 
That  the  term  ^ciirbon  dioxide'  tells  more  abont  and  expresses  COj  better  than  carbonic 
seid  giuifOr  even  carljonic  anhydride.  Such  nomendatuxe  is  already  employed  by  many  But 
ex{»re«Ming  the  eomiK)Hitiou  without  an  indication  or  even  hint  as  to  the  propertiei»,  would 
be  neglecting  the  advantageous  aideH  of  the  pre^nt  noniencLature.  Sulphur  diojride, 
SO^,  eti^rease'*  the  some  aa  iiarinm  dioxide,  BsOj,  hot  sntpbnroua  anhydride  indicates 
the  acid  projiertiefi  of  SO.^.  Prolmbty  in  time  one  hannonlona  chemical  language  will 
nicceed  in  embracing  both  advantagea. 


.  — ^ii   for  the  ilrat  element  and 
And  these  nimibcrsare  in  the  ratio  x  :  ^ — tliat  is^  in 
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of  a  series  of  fundamental  chemical  and  physical  data,  inasmuch  as  a 

number  of  the  properties  of  substances  are  dependent  on  their  vapour 

density,  or  molecular  weight  and  composition.     Therefore,  the  vai)our 

M 
density  D=--.     For  instance,   the  formula  of  ethyl  ether  is  C4H10O, 

hence  it  corresponds  with  the  molecular  weight  74,  and  the  vapour 
density  of  37,  which  is  the  fact.  Therefore,  the  density  of  vapours  and 
gases  ceased  to  be  an  empirical  magnitude  obtained  by  experiment 
only,  and  it  acquired  a  rational  meaning.  It  is  only  then  needful  to 
remember  that  2  grams  of  hydrogen,  or  the  molecular  weight  of  this 
primary  gas  in  grams,  occupies,  at  0°  and  760  mm.  pressure,  a  volume 
of  22*3  litres  (or  22300  cubic  centimetres),  in  order  to  directly  reduce 
the  weights  of  cubical  measures  of  gases  and  vapours  from  their 
formulae,  because  the  molecular  weights  of  all  other  vapours  at  0°  and 
760  mm.  occupy  the  sams  volume,  22*3  litres.  Thus,  for  example,  in  the 
case  of  carbonic  anliydride,  CO2,  the  molecular  weight  M=4i,  hence  44 
grams  of  carbonic  anhydride  at  0°  and  760  mm.  occupy  a  volume  of 
22-3  litres — consequently,  a  litre  weighs  1*97  grams.  By  combining  the 
laws  of  gases— Gay- Lussac's,  Mariotte's,  and  A vogadro- Gerhard t's — we 
obtain  '^  a  general  formula  for  gases 

6255^(273 +  0=Mi? 
where  s  is  the  weight  in  grams  of  a  cubic  centimetre  of  a  vapour  or  gas 
at  a  temperature  t  and  pressure  p  (expressed  in  centimetres  of  mer- 
cury) if  the  molecular  weight  of  the  gas-=M.  Thus,  for  instance,  at 
100°  and  760  millimetres  pressure  (i.e.,  at  the  atmospheric  pressure) 
the  weight  of  a  cubic  centimetre  of  the  vapour  of  ether  (M  =  74)  is 
equal  to  5=0-0024.2^ 

As  the  molecules  of  many  elements  (hydrogen,    oxygen,  nitrogen, 

*5  Thi8  formula  (which  is  given  in  my  work  on  '  The  Tension  of  Gases,'  unci  in  a 
somewhat  modified  form  in  the  '  Comptes  Rendus,'  Feb.  187(5)  is  deduced  in  the  following 
manner.  According  to  the  law  of  Avogadro-Gerhardt,  M  =^  2D  for  all  gases,  where  M  is 
the  molecular  weight  and  D  the  density  referred  to  hydrogen.  But  they  equal  the  weight 
"So  of  a  cubic  centimetre  of  a  gas  in  grams  at  0°  and  70  cm.  pressure,  divided  by 
0'00008y(5,  for  this  is  the  weight  in  grams  of  a  cubic  centimetre  of  hydrogen.  But  the 
weight  s  of  a  cubic  centimetre  of  a  gas  at  a  temperature  t  and  under  a  pressure  p 
(in  centimetres)  is  equal  to  «;;,70  {1  +  at).  Therefore,  s^J-^s.7^^  {l+at)p ;  hence 
D  =  76.S  (1  +  o/), 0.000089(5/;,  whence  M  =  152s  (l  +  oO/ 0000081)6/),  which  gives  the  above 
expression,  because  1  a  -  278.  m/v,  where  7n  is  the  weight  and  v  the  volume  of  a 
vapour,  may  be  taken  instead  of  a. 

2*  The  above  fonnula  may  be  api^lied  in  order  to  ascertain  directly  the  molecular 
weight  for  a  given  vapour  density,  as  s  — the  weight  of  vapour  //?,  divided  by  the  volume 
v,  and  consequently  by  experiment,  M  =  (5,255  wt  (273  +  0  j^r.  Therefore,  instead  of  tlie 
formula  {see  Chap.  II.  Note  33),  /u'^R(273  +  <),  where  R  varies  with  the  mass  and 
nature  of  a  gas,  we  may  api)ly  the  formula  /;t;  =  f),255(/w;M)  (273  +  /),  and  taking  a 
weight  of  a  gas  m  equal  to  its  molecular  weight,  7;{;  =  6,255  (273  +  t)  for  all  gases. 
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chlorine,  bromine,  sulphur — at  least  at  high  temperatures)  are  of  uni- 
form composition,  therefore,  the  formula?  of  the  compounds  formed  by 
them,  directly  indicates  the  composition  by  volume.  So,  for  example, 
the  formula  HNO3  directly  shows  that  in  the  decomposition  of  nitric 
acid  there  is  obtained  1  vol.  of  hydrogen,  1  vol.  of  nitrogen,  and  3  vols, 
of  oxygen. 

And  as  a  great  number  of  mechanical,  physical,  and  chemical 
properties  are  directly  dependent  on  the  elementary  and  volumetric 
composition,  and  on  the  vapour  density  ;  so  the  accepted  system  of 
atoms  and  molecules  gives  the  possibility  of  simplifying  a  number  of 
most  complex  relations.  For  instance,  it  may  be  easily  demonstrated 
that  the  vis  viva  of  the  molecules  of  all  vajxyurs  and  gases  is  alike.  For 
it  is  proved  by  mechanics  that  the  vis  viva  of  a  moving  mass=^  mv^, 
where  in  is  the  mass  and  v  the  velocity.  For  a  molecule  m=:M,  or  the 
molecular  weight,  and  the  velocity  of  the  movement  of  gaseous 
molecules = a  constant  which  we  will  designate  by  C,  divided  by  the 
square  root  of  the  density  of  the  gas^''*=C/D^,  and  as  D=M/2, 
therefore,  the  vis  viva  of  molecules =C' — that  is,  a  constant  for  all 
molecules.  Q,E,D.^^  The  specific  heat  of  gases  (as  we  shall  afterwards 
see),  and  many  other  of  their  properties,  are  determined  by  their 
density,  and  consequently  by  their  molecular  weight.  Gases  and 
vapours  in  passing  into  a  liquid  state  evolve  the  so-called  latent  heat^ 
which  also  proves  to  l)e  in  connection  with  the  molecular  weight.  The 
observed    latent    heats    of  J   carbon    bisulphide,    083= 90,    of   ether. 

-*  Chap.  I.  Note  84. 

^  T fie  velocity  0/ the  transmission  of  sound  through  gases  and  vapours  closely 
Iwors  on  this.  It  =  -/  K|)^/D  (1  +  at)  where  K  is  the  ratio  between  the  two  specific 
lieats  (it  is  approximately  1*4  for  gases  containing  2  atoms  in  a  molecule),  p  the  pressure 
of  the  gas  expressed  by  weight  (that  is,  the  pressure  expressed  by  the  height  of  a  column 
of  mercury  multiplied  by  the  density  of  mercury),  g  the  acceleration  of  gravity,  D  the 
weight  of  a  cubic  measure  of  the  gas,  o  =  0'008G7,  and  t  the  temperature.  Hence,  if  K 
be  known,  and  as  D  can  be  found  from  the  composition  of  a  gas,  we  can  calculate  the 
velocity  of  the  transmission  of  sound  in  that  gas.  Or  if  this  velocity  be  known,  we  can 
find  K.  The  relative  velocities  of  sound  in  two  gases  can  be  determined  with  pecuUar 
ease  (Kundt). 

If  a  horizontal  glass  tube  (about  1  metre  long  and  closed  at  both  ends)  be  full  of  a 
gas,  and  be  firmly  fixed  in  the  middle,  then  it  is  easy  to  bring  the  tube  and  gas  into  a 
state  of  vibration,  by  rubbing  it  from  centre  to  end  with  a  damp  cloth.  The  vibration  of 
the  gas  is  easily  rendered  visible,  if  the  interior  of  the  tube  be  dusted  with  lycopodium 
(the  yellow  powder-dust  or  spores  of  the  lycopodium  i)lant  is  of  ten  employed  in  medicine), 
before  the  gas  is  introduced  and  the  tube  fused  up.  The  fine  lycopodium  powder  forms 
itself  into  figures,  whose  number  depends  on  the  velocity  of  sound  in  the  gas.  If  there 
be  10  figures,  then  the  velocity  of  sound  in  the  gas  is  ten  times  slower  than  in  glass.  It 
is  evident  that  this  is  an  easy  metho<l  of  comparing  the  velocity  of  sound  in  gases.  Ifc 
has  been  demonstrated  by  experiment  that  the  velocity  of  sound  in  oxygen  is  four  times 
less  than  in  hydrogen,  and  the  square  roots  of  the  densities  and  molecular  weights  of 
hydrogen  and  oxygen  stand  in  this  ratio. 

VOL.    I.  Y 
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C4H,oO,=94,  of  benzene,  Ce,H6,=109,  of  alcohol,  C2H6O,  =  200,  of 
chloroform,  CHCl3,=67,  <kc.  These  figures  show  the  amount  of  heat 
expended  in  converting  one  part  by  weight  of  the  above  substances 
into  vapour.  A  great  uniformity  is  observed  if  the  measures  of  heat 
be  referred  to  the  weights  of  the  molecules.  For  carbon  bisulphide 
the  formula  CS^  expresses  a  weight  76,  hence  the  latent  heat  of  eva- 
poration referred  to  the  molecular  quantity,  08.2=76  x  90= 6840,  for 
ether =9656,  for  benzene=8502,  for  alcohol =9200,  for  chloroform 
=8007,  for  water =9620,  &c.  Consequently,  for  molecular  quantities, 
the  latent  heat  varies  comparatively  little,  from  7000  to  10000  heat 
units,  whilst  for  single  parts  by  weight  it  is  for  water  ten  times  greater 
than  for  chloroform  and  many  others.^^ 

We  will  cite  yet  one  more  example,  showing  the  direct  dependence 
of  the  properties  of  a  substance  on  the  molecular  weight.  If  one 
molecular  part  by  weight  of  the  various  chlorides — for  instance,  of 
sodium,  calcium,  barium,  &c. — lye  dissolved  in  200  molecular  parts  by 
weight  of  water  (for  instance,  in  3600  grams)  then  it  is  found  that 
the  greater  the  molecular  weight  of  the  salt  dissolved,  the  greater  is 
the  specific  gravity  of  the  resultant  solution. ^^     Thus  : — 

Sp.  gr.  at  15=*. 

1-0236 
1-0328 
10331 
1-0489 


However,    all   properties    of    substances    do   not   depend    on    the 
molecular  weight  alone.'*^     N^ot  only  chemical,  but  also  many  physical, 

27  If  the  conception  of  the  molecular  weights  of  KuhstanceH  does  not  give  an  exact 
law  when  applied  to  tlie  latent  heat  of  evai>oration,  it,  at  all  events,  brings  to  light  a 
certain  uniformity  in  figures,  which  otherwise  only  represent  the  Bimi)le  result  of  obser- 
vation. Molecular  quantities  of  liquids  appear  to  expend  almost  equal  amounts  of  heat 
in  their  evaporation.  It  may  be  said  that  the  latent  heat  of  evajmration  of  molecular 
quantities  is  approximately  constant,  because  the  vis  viva  of  the  movement  of  the 
molecules  is,  as  we  saw  above,  a  constant  quantity. 

*8  Particulars  bearing  on  this  are  given  in  my  work  :  "  The  Investigation  of  Acpieous 
Solutions  by  their  Specific  Gravity,"  1SH7,  p.  425. 

^  Among  the  most  noteworthy  of  the  applications  of  the  concei)tions  arising  from 
the  law  of  Avogadro-Gerhardt,  are  those  generalisations  concerning  dilute  solutions 
which  have  been  mentioned  iu  the  Chap.  I.  (Notes  19,  4U,  50,  51).  It  is  first  necessary 
to  mention  the  fundamental  experiments,  Traube,  PfeilTer,  and  more  especially,  De  Vries. 
Traube  showed  that  certain  specially-prei)ared  films  (precipitated  membranes)  of 
insoluble  substances  (for  example,  those  which  are  formed  from  the  salts  of  copper  and 
ferrocyanide  of  potassium)  have  the  property  of  allowing  the  passage  of  water  whilst 
retaining  the  substances  dissolved  in  it,  and  it  was  therefore  possi])le  by  this  means  to 


HCl 

Molecular 
weight. 

36-5 

NaCl 

58-5 

KCl 

74-5 

BeClj 

80 

MgCl, 

95 

Sp.  gr.  at  15°. 

Molecular 
weight. 

1-0041 

CaCl., 

Ill 

1-0106 

NiCl, 

130 

1-0121 

ZnCl.^ 

136 

1-0138 

BaCla 

208 

1-0203 

:m(ilecut.es  axd  atom>? 
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properties  are  cle  term  hied  by  the  composition  of  the  molecules,  and  f>y  the 
pit>perties  of  the  elementii  forming  them,     Thus  the  density  of  solids 


determine  the  osmotir  preRBare,  as  in  die  expenmeiit  deBcribod  in  Chftp,  I.  Note  lU. 
De  VrioH  found  in  vei^etable  celln  &  convenient  meiLziii  of  dbtcr mining  midi  (i^otollk'| 
Bolntione^  wblcih  |rroduce  iudentical  oHntotic  pretisiirt^a.  A  thin  ^Lice  of  n  coloured  plcint 
tie^Htie — for  iiiBtance,  of  Tradt'Hcantia  diitcuhtr — i»  moistened  under  tht*  inicro«rf>|Hii  with 
the  solution  t()  be  teHted.  If  itn  osmotic  preRBure  be  ecjaal,  or  Ivhs  t^iiui  that  of  the 
hf|ui(i  contained  in  the  ceHs^  no  visible  change  occurs ;  hnt  if  the  liquid  taken  be  endued 
with  a  tfreafcer  onmotic  prPHsnre  than  th**  ctllular  j*ap,  then  the  wattr  vnjl  pass  from 
Ihe  cell,  and  the  coloured  matter  of  the  cell  %vill  i;hrtnk  away  from  llw  envelope,  and 
tltis  procesB  is  esiiily  ohiM*n"#Hl  under  tlie  microscope.  Knowing,  then,  the  okmotic 
preHHitro  for  any  one  BuhHtunce — for  inHt*iiice,  for  ^ugar — with  diiflereut  atrengths  of  solu* 
tions,  it  i»  poftHible  U*  find  the  o«*uxotic  pretitiure  of  all  other  HubHtunee^  imve^iigatecl, 
beonase  it  in  nhown  by  direct  experiment  ihsai  the  osmotic  pressure  inorea.seH  in  pm- 
portion  to  the  Btreugth  of  the  soliiitioti.  Tlm»  having  Hxed  on  anyone  subfitaiice^ — for 
instance,  sugar — and  on  one  of  its  tkilutiouflif  we  may  «ee  the  aubntance  of  the  re«ultHi 
which  have  been  attained. 

If  (aH  on  p.  lU)  u  one  per  cent,  aolutien  of  sugar  be  takenf  then  accordinif  to  th«i 
ex:perifnentB  nmde.  hy  Pfeiffer  (1377)  iIh  osmutic  premore  =  BU  5  centimetres  at  14°. 
According  to  the  fomiiila  of  Hugar.  C|.jH.i^iOii»  ita  molecular  weight  M  =342,  and  as  the 
weight  of  a  cnhic  centinielre  of  a  (uw  fwir  ttnt^  salutiun  of  Hugar  =  1003  gram,  therefore 
the  weight  of  sugar  in  a  rubic  centimetru  of  the  Bultjtion*  or  i  in  the  preceding  formnla 
(p.  82i>  :  0255  «  (278  +  f)  =  M/',i,  in  equal  to  OOlOOd  gram*  aud  therefore,  according  to  this 
(onnula  (as  M  =  312  and  /  =  14),  /» -^  52'6  ceDttnietreH,  Thi»  nhowti  that  if  th^  *ugar  tvert, 
iuHtead  of  being  in  solution,  in  a  ntnte  of  vapour^  then  in  following  the  law  of  Avogadxo- 
tlerhardt  it  would  prod uer  a  j/rfnmtre  efiual  to  the  utmutir  prcMure.  This  deduetiou 
(whoae  senae  is  at  pre^nt  n<tl  clear)  forma  the  aubtitance  of  Tan't  Ho(Fh  doctrine 
(Chap.  L  Xote  ID),  when  i-  1  (Chap.  I.  Note  441). 

Con  frequently,  the  molecxilar  weight  determines  the  o«nintic  preHHure  taiid  together 
with  it  the  vapour  tension  and  temperature  of  fn?ez:ing,  according  t4j  Note  4U,  Chap.  L), 
and  therefore  the  molecular  weight  itself  muy  be  detennined  by  the  amniotic  prv^iiure  aa 
ureU  as  by  the  vapour  density. 

But  eo  simple  a  relation  only  exists  for  dihite  aolutionii  of  sabstancesi  like  «ugar, 
which  do  not  conduct  an  electric  curreutt  for  which  i  =  L  For  saltfi  and  acid r)  which 
conduct  a  current,  thia  factor  varies  up  to  t--4  (Cliap.  I-  Note  49).  Arrhenius  explains 
this  phenomenon  by  AUpposiiig  (partially  after  Hittorf  and  Clansiiis)  that  a  portion  of 
such  substanoes  in  soIuiiotiK^  and  especially  in  dilute  milutionR^  occur«»  in  a  titate  of  dis* 
BOciatiotii  ikod  owing  to  tliia  the  number  of  molecules  is  niultiplietl  (Chap.  I.  Note  45). 
As  the  conceptions  of  this  order  have  been  aa  yet  but  very  little  develu|MHl,  and  as  in 
regarding  wltitiona  frotn  thtH  point  of  view,  which  is  warmly  supported  by  Obtwald,  the 
water  or  s^dvent  in  gen«?rai,  which  certainty  plays  an  important  part  in  solutioni»,  and 
etipecially  dilute  one^t  i»  entirely  lost  Hight  «f,  1  consider  it  premature  at  present  to  ex- 
plain  ihe  theory  of  ArrheiiiuK,  but  think  that  it  contains  the  seeds  for  further  dGvelo|i- 
ment  and  for  itn  being  merged  into  a  fuller  theory  of  solutions. 

For  the  matter  now  under  our  consideration  we  need  not  see  in  the  fact  of  the 
variabihty  of  t  any  hindrance  to  employing  (ci )  the  determination  of  the  osmotic  pressure, 
{b)  the  freezing  point  of  a  solvent  (the  so-called  Raoult'n  method),  luid  (e)  the  variaiion 
of  the  vapour  density  a^  meann  for  finding  the  molecular  weight  of  a  snbtitance  in  sulu* 
tion,  not  only  in  the  ordinar)'  cases  when  «  ^  1,  but  even  in  tbo»e  cai^es  where  t  >  \, 
Tliese  metliods  have  already  proved  useful  for  solving  the  qttestion  of  the  mole^'ular 
w«i|:ht  iQ  many  particular  instances  among  the  hydrocarbons,  and  some  |>oriion  of  their 
appUcation  to  inorganic  <?ompoundH  will  be  mentioned  in  the  further  course  of  tliis  work. 

It  may  not  be  anperfiuouK  to  remark  Uiat  the  osmotic  pressure  in  tlte  cells  of  organisms 
atUina  seTeral  atmospberest  arid  probably  forms  one  of  the  caases  determining  the 
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ami  liquids  (as  will  afterwards  be  shown)  is  chiefly  determined  by  the 
weights  of  the  atouis  of  the  elements  entering  into  their  composition, 
inasmuch  iis  heavy  (free)  elements  and  c«jnipniinds  are  only  met  with 
among  substances  containing  eleiuents  with  large  atomic  Avciglits,  such 
as  gold,  platinuij),  aiid  uranium.  And  these  elements  themselves,  in  a 
free  state,  are  the  heaviest  of  all  elements.  Substances  containing  iiuch 
light  elements  as  hydrogen,  carbon,  oxygen,  and  nitrtigen  (like  many 
organic  substances)  never  have  a  high  speci  lie  gravity  ;  in  the  majority 
of  cases  it  scarcely  exceeds  that  of  water.  The  density  generally 
decreases  with  the  augruentation  of  the  amount  of  hydrogen,  as  the 
lightest  element,  and  a  substance  is  often  obt^iined  lighter  than  water. 
The  refractive  power  of  suVjstances  also  entirely  tlepends  on  the  com- 
position and  the  properties  of  the  component  elements/*^     The  history 

individaAl  fuDctions  of  the  cells*    The  ftartber  il<?T?eh*pment  of  the  qut?»tit>HH  touching 

on  fchiB  Habjeel  fihrmM  in  this  manner  not  oitly  uici  the  perfecting  of  the  theory  of  B4>1u* 

tioiiji  but  til  BO  the  further  progjeHB  of  phy  Kiolagictil  scienee* 

'■^^  With  rt!hj>eet  to  the  itptirul  relruetive  jfowerof  Hubsti^meH^itmufit  <ir»t  W  ohttervtid 

that  the  ctiefficient  uf  refntction  U  determined  by  two  metlkMla  ;  (a)  either  itU  the  duta 

lire  referred  to  cme  rit^hnite  rny — fer  iiiwt(ince,  to  the  Frauenhofer  (rtmliiim)  line  D  of  th« 

iwlar  Bpectnuii— thiit  in,  to  u  my  of  definite  wiive  len^rth,  und  often  to  thut  red  ruy  (of  Uie 

hjdrogen  Hjieetrnim)  whose  wave  length  is  (>56  million  parts  of  ii»   niillimetrt;;  {b)  or 

Cauchy'tt  fommla  iii  ueedf  showing  the  relation  betwrcera  the  coefficient  of  refrtbction  luid 

B 
fltHper^ion   to    the  wave   l**iigth  rt  =  A  -h  -  _,  where  A  and  B  are  two  conatants  vary- 

a  ' 

ing  for  every  f^nbstance  but  cnnntftnt  for  all  riiys  of  the  si>ectruni»and  a  ih  the  wave  lengtli 
of  that  ray  whose  coefficient  of  r4'frat;tion  ih  lu  In  the  latter  method  ihi}  inveHtigaUoii 
u^uuU}'  tonecrnK  the  magnitudes  of  A,  whieh  are  independent  of  diHiMfriiion.  We  nhtii} 
ttftonvards  cite  the  data,  invcBti^mted  by  the  firnt  method,  bj  which  GliwUtone,  Laudalt, 
and  otberi*  eMtabU»hed  the  conception  of  the  refraction  equivalent. 

Th*i  cof^cient  of  refraction  n  for  a  given  BubBt^nce  decreaftes,  as  Imn  long  li«en 
known,  with  the  den»iity  of  a  BubHtunee  T>^9n  that  the  nni.^nitud<i(n  — 1)  +D  — c  la  nlmoiit 
coniit&nt  for  a  given  ray  (hftving  a  definite  wave  length)  and  for  a  given  Bobstance.  Tlile 
eonBtant  it*  callt'd  the  rt'fractice  energy^  and  its  product  with  tb**  atomic  or  molecular 
weight  of  a  substance  the  refntction  vquityalent.  The  coefficient  of  refraction  of  oxygen  is 
1  omj'21,  of  hydrogen,  100014,  tht'ir  dentitiea  (refcn^d  to  water)  are  00014^  and  0  00009, 
mid  their  atoniit'  weightsj  O  -=  ItV,  H  - 1 ;  hence  their  refraction  equivalents  are  iJ  and  IS, 
Water  contaioH  HjO,  ccm frequently  the  sum  of  the  equivalents  of  refraction  is  (3x  1'5)-*- 
y— 0,  But  an  the  coefficient  of  refraction  of  water- l"HHlt  thercfrjro  itH  refraction  equi- 
valent—5*1^58,  or  nearly  fl.  The  coniparison  «how«  that,  approximately,  the  num  of  tlie 
refraction  e<[uiva]ientM  of  the  atouis  forniiug  coni|»oundK  <or  mixtures)  in  e4|ual  to  the  re- 
fraction etjuivttlcnt  of  tb©  compound.  According  to  the  rcHearchea  of  Gladntone^  Liuidolt, 
HageUj  Briihl  and  otberftfthe  rcfriwrtion  equivalent  of  the  elements  are — H  =  1'JJ,  Li  =  8*8, 
B-40,  C  =  50,  N-41  (in  its  bigheBt  state  of  oxidation,  bH),  0=^aO,  F  =  r4,  Niv=4-8, 
Mg-70,  Al  -8-I,  Si  =  ti'8,P  =  18*8,  S  - 10  U,  Cl-yO,  K  -81,  Ca- 10'4,  Mn  -12%  Fe  =  12*0, 
(in  the  ftalt*  of  itts  higher  oxidcB  '201),  Co^lO'H.  Cu  =  11*0,  Zn  =  10'2,  Aa  =  15'4,  Bi«16*8, 
Ag«l5*7.  Cd  =  ia-ls  1  =  24-5,  Ft  =  20  0,  Hg=*tJO%  Pb*24-8,  tic.  Tlte  refraction  equU 
VMieDtfl  of  many  elements  eonld  only  be  cakulated  from  the  solutions  of  their  compounds. 
The  compottition  of  a  solution  Wing  known  it  is  pos«ibk^  to  calculate  the  refraction 
equivalent  of  one  of  its  component  jmrtn^  those  for  all  its  other  com ponvnts  being  known. 
The  resalts  are  founded  on  the  aceeptiuice  of  a  law  which  cannot  be  atrictly  applied, 
Keverthelesti  the  concoptiunof  the  refraction  etjtiivaleuta  givewan  eotwy  means  for  direotly. 
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of  chemistry  presents  a  striking  example  in  point — Newton  fore- 
saw from  the  high  refractive  index  of  the  diamond  that  it  would 
contain  a  combustible  substance  since  so  many  combustible  oils  have 
a  high  refractive  power. 

As  regards  purely  chemical  relations,  especially  the  understanding 
of  reactions  and  the  structure  of  substances,  the  fecundity  of  the  law 
of  Avogadro-Gerhardt  is  evinced  at  every  step  of  the  contemporary 
path  of  chemistry.  Starting  from  the  laws  and  conceptions  of 
Lavoisier  the  chemistry  of  our  time  is  entirely  founded  on  the  laws 
of  Dalton  and  Avogadro-Gerhardt,  on  the  doctrine  of  Berthollet 
respecting  the  equilibria  brought  about  in  chemical  actions,  and  on  the 
conceptions  of  dissociation  introduceii  into  the  science  by  Saint-Clairo 
Deville. 

althoagh  only  approximately,  obtaining  the  coefficient  of  refraction  from  the  chemical  oom- 
poBition  of  a  substance.  For  instance,  the  composition  of  carbon  bisulphide,  03^=76, 
and  from  its  density,  1*27,  we  find  its  coefficient  of  refraction  to  be  1*618  (because  the 
refraction  equivalent  =5  +  2x16= 87),  which  is  very  near  the  actual  figure.  It  is  evident 
that  in  the  above  representation  compounds  are  looked  on  as  simple  mixtures  of  atoms, 
and  the  physical  properties  of  a  compound  as  referable  to  the  properties  present  in 
the  elementary  atoms  forming  it.  If  this  representation  of  the  presence  of  simple 
atoms  in  compounds  did  not  exist,  then  the  effort  to  combine  by  a  few  figures  a  whole 
mass  of  data  relating  to  the  coefficient  of  refraction  of  different  substances  would  hardly 
arise. 
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CHAPTER  VTII 

CABBON   AND   THE    HYDROCARBONS 

It  is  necessary  to  clearly  distinguish  between  the  two  closely-alliecl 
terms,  charcoal  and  carbon.  Charcoal  is  well  known  to  everybody, 
although  it  is  no  easy  matter  to  obtain  it  in  a  chemically  pure  state. 
Pure  charcoal  is  a  simple,  insoluble,  infusible,  combustible  substance 
produced  by  heating  organic  matter,  and  has  the  familiar  aspect  of  a 
black  mass,  devoid  of  any  crystalline  structure,  and  completely  in- 
soluble. Charcoal  is  a  substance  possessing  a  certain  combination  of 
physical  and  chemical  properties.  This  subsUmce,  whilst  in  a  state  of 
ignition,  combines  directly  with  oxygen ;  in  organic  substances  it  is 
found  in  combination  with  hydrogen,  oxygen,  nitrogen,  and  sulphur. 
But  in  all  these  combinations  there  is  no  real  charcoal,  jis  in  the  same 
sense  there  is  no  ice  in  steam.  What  is  found  in  such  combinations  is 
termed  *  carbon' — that  is,  an  element  common  to  charcoal,  to  those  sub- 
stances which  can  be  formed  by  it,  and  also  to  those  substances  from 
which  it  can  be  obtained.  Carbon  may  take  the  form  of  charcoal, 
but  appears  also  as:  diamond  and  as  graphite.  It  is  true  that  no 
other  element  has  such  a  limitation  in  its  terminology.  Oxygen  was 
always  called  *  oxygen,'  whether  it  was  in  a  free  gaseous  state,  or  oxygen 
m  the  form  of  ozone,  or  oxygen  in  water,  or  in  nitric  acid  or  in  carbonic 
anhydride.  But  here  there  is  a  certain  confusion.  In  water  it  is 
evident  that  there  is  no  oxygen  in  a  gaseous  form,  such  ixs  can  be 
obtained  in  a  free  state,  no  oxygen  in  the  form  of  ozone,  but  a  sub- 
stance which  is  capable  of  producing  both  oxygen,  ozone,  and  water. 
As  an  element  oxygen  possesses  a  known  chemical  individuality,  and 
an  influence  on  the  properties  of  those  combinations  into  which  it 
enters.  Hydrogen  gas  is  a  substance  which  reacts  with  difficulty,  but 
hydrogen  as  an  element  represents  in  its  combinations  an  easily  dis- 
placeable  component  part.  Carbon  may  be  considered  as  an  atom  of 
carbon  matter,  and  charcoal  as  a  collection  of  such  atoms  forming  a 
whole  substance,  as  molecules  in  the  mass  of  the  substance.  The 
accepted   atomic  weight  of   carbon    is    12,  because   that  is  the  least 
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ciuantity  of  csfurbon  which  enters  into  corubimitioti  iii  molecules  of  its 
compounds  ;  but  the  weight  of  the  molecules  of  charcoal  is  probahly 
vet)^  gTt^at.  This  weight  remains  unknown,  because  charcoaJ  Is  capable 
of  but  few  direct  reactions,  and  thosfi  only  at  a  high  temperature  (ivlien 
the  weight  of  its  molecules  probably  changes,  as  when  ozone  changes  into 
oxygen),  w^hen  it  does  not  turn  into  vajK>ur.  Carlmn  exists  in  nature, 
both  in  a  free  and  combined  state,  in  most  varied  fonns  and  aspects* 
Carbon  in  a  free  state  is  found  in  at  le^ast  three  different  forms,  as 
charcoal,  graphite,  and  the  diamond.  In  a  combined  state  it  enters 
into  the  composition  of  what  art-  called  organic  substances — a 
multitude  of  substances  which  are  found  in  all  plants  and  animals.  It 
e^sts  as  carbonic  anhydride  both  in  air  and  in  water,  and  in  the  soil 
and  crust  of  the  earth  as  sjilts  of  carbonic  acid  antl  as  organic  remains 
The  variety  of  the  substances  of  \v!iich  th«  structure  of  plants  and 
arnmals  is  built  up  is  familiar  to  aU,  Wax^  oil^  turpentine,  and  tar, 
cotton  and  albumin,  the  tissue  of  plants  and  the  muscular  Hbre  of 
animals^  vinegar  and  starch,  are  all  \'egetable  antl  animal  matters,  and 
all  carbon  comjiounds,'     The  sphere  of  carbon  couipounds  is  so  vast 

*  Wixitl  is  tlie  non-vital  part  of  ligiiecjus  plants  \  the  vital  part  of  ordinary  trees  tti 
situated  l»etv,een  the  bark  and  the  ligmn.  Ever^-  year  a  layer  of  lignin  ts  deposited 
on  tbia  part  hy  the  jnices  which  are  absorbed  hy  the  rtxits  and  worked  tip  by  the  leaver; 
fop  tbtii  ireaHon  th«3  age  of  trees  may  be  determined  by  the  number  of  li^^iit*  layers  depo* 
aiied^  Tlie  follDwiug  year  the  juieen  travel  over  a  nvw  layer^  and  in  this  way  the  layer 
Already  dejjoeited  servetii  fmly  &h  a  support  for  tlie  vitjd  parts  of  the  tree.  A  living  tree 
may  be  regarded  as  an  agglomeration  of  many  phuits  living  on  one  isupiwrt*  The  woody 
matter  consiHtH  principally  of  fibroii»  tiiittue  on  to  which  the  ligniu  or  yo-ealled  incmsi- 
ing  matter  has  been  deposited.  The  tisftne  has  the  compoBitinn  C^HioO;,,  tl"?  sabstance 
dopoaited  on  it  contain^  more  carbon  and  hydrogen  and  1«»afl  oxygen.  This  matter  id 
saturated  with  moitttnre  when  the  wood  ik  in  a  fr^Kh  state.  Fre«lt  birch  wood  containH 
about  81  p.c.  of  water,  lime  w«x>d  47  p.c\,  oak  35  jkc,  pine  and  fir  about  37  p,e*  When 
dried  in  the  air  the  wood  loeeK  n  considerable  quantity  of  water  and  not  more  than  19  p.c. 
remains.  By  artificial  means  this  Iokh  of  water  may  be  increased.  If  water  be  driven 
into  the  porc^  of  wood  it  becomeK  heavier  than  water,  afi  the  lignin  of  which  it  ia  t^oin- 
pcwed  has  a  density  of  about  llK  One  cubic  centimetre  of  birch  wood  does  not  weigh 
more  than  0901  gramn, fir  O'Hyj,  lime  tree tl  817,  poplar  (>'7C5 when  in  a fretth  ntate  [  when 
in  a  dry  Btate  birch  weighs  00*12,  pine  O'GfiO,  fir  0  355,  lime  0430,  gnaiactim  1  812, 
ebnny  1*220.  It  i»  not  out  of  place  to  remark  here  that  on  one  deciatin  (2'7  aereB) 
of  woodland  the  yearly  growth  averages  an  anioant  of  3di>0  kilogram^^  or  liiH  poods  of 
wood,  l>ut  rarely  rt+adbett  aft  moch  as  5000.  The  average  chemical  oompoaition  of  wood  dried 
in  air  may  be  ejcpretoaed  as  followK; — Hygrt^tcopie  wati:'r  15  p.e.^  carbon  42  p.c,  hydrogen 
5  p.o*,  oxygen  and  nitrogen  87  p.c,  ash  1  p.c.  Wowl  parts  with  ita  hygroacopic  water  at 
IB0°,  and  decompOAeii at  about  iJOCF,  giving  a  brown,  brittle,  so-called  red  charcoal ;  above 
860^  black  charcoal  is  prodneed-  From  the  above- mentioned  average  eompoKition  of 
wocxl  it  is  evident  that  the  hydrogen  may  be  accepted  as  being  in  about  the  quantity  ha 
combine  wiih  th*i  oxygen,  as  the  hydrogen  contained  in  the  wood  requires  for  ita  combuft^ 
tion  aWnt  forty  partii  by  weight  of  osygeii.  Therefore  all  that  bums  of  the  wood  i»  the 
carbon  which  it  contains,  100  partH  of  wtM>tl  only  giving  out  as  much  heat  as  forty  parts 
tit  charcoal.  Charcoal  given  cmt  much  more  n^M  heat  tlmn  wood  because  the  water  con- 
iained  in  the  wood,  or  fonned  by  the  combination  of  itd  oxygen  and  hydrogen,  h»M  to  b« 
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tbat  it  forms  a  separate  IjratK'h  of  chemistry,  which  treats  of  the  com- 
pounds of  carbon,  part  of  which  are  met  with  in  plants  and   animals. 


evaporated  ilurfug  its  coraboistion.  Tlxe  above-mtnlnjin^d  composition  of  wood  sboWf^^ 
tlmt  it  would  he  fur  more  profitable  to  uets  thar(^oa1  for  bentitig  piirixisea  than  wood,  if  it 
v»'«?re  jKm&ible  to  obtain  it  in  kucU  qmuititie^  an  correspond  witk  its  i>Krcentagp  ratio — tliat 
is,  forty  parl»  piir  HM)  parts  of  wrwcb  tlenerjilly,  however,  the  quantity  produced  is  f*r 
less,  not  more  than  80  p.c,  because  part  of  the  carljon  im  given  of!  a»  gaw,  tar,  ttc.  U 
wood  haft  to  be  trttnaixirted  tirt^&t  iliHtaiiceg,  or  if  it  is  necesiiary  to  obtain  a  very  high 
lettipfraturts  by  huruitii^  it,  then  even  u»5  little  an  25  p,c.  of  char<Joal  from  100  parts  of 
wfKtrl  may  he  advantageous.  Chnreoal  (wood)  develops  on  burning  80O0  lieat  unit  a, 
whilst  wood  dried  in  air  docw  not  devt^lop  more  than  QHOO  units  of  hciit;  therefore 
•iseven  partf*  of  churcoal  give  an  nitich  heat  an  twenty  partB  of  wood  ;  but  twenty  parts  of 
wood  art!  mdy  capable  of  yielding  five  partB  of  chjiUf  oaL  Thia  datum  nuiy  be  ufltwl  for  oom- 
paring  the  heating  power  of  WLK>d  and  ciiarcoii.1.  As  regards  the  temperature  of  combus- 
tion, it  is  far  higher  with  charcoul  tlmn  with  wood,  bec«uwe  twenty  partK  of  burning  wood 
give,  besides  the  carbnnie  anhydride  which  is  alao  ff>nn*'(l  with  charcoal,  eleven  piirt*  of 
water,  the  evapf.U'ation  of  which  roquir^^K  a  coiitiiderahle  amtniiit  of  heat. 

The  composition  of  the  growing  partw  of  phmts,  the  leaves,  yoimg  branches,  shoots,  ti't.\» 
differs  from  tb©  composition  of  the  wood  in  that  these  vital  parts  contain  a  conBiderikbl^ 
quantity  of  aap  which  contains  much  nitrogenoufi  matt^^r  i  in  the  wood  itself  there  ih  very 
little),  mineral  galtB,  and  a  larg*^'  amount  of  water.  Taking,  for  example^  tJrie  comjioHition 
of  clover  and  pivsture  hay  in  the  gieen  and  dry  Htate.  In  11)0  parts  of  green  clover  tbere 
ift  about  80  p. c,  of  water  and  20  p,c.  nf  dry  matter,  in  which  there  ore  about  ys  {inrtfi  of 
nitrogenouR  matter,  alxjut  SITt  parts  of  Rohibl^  and  about  5  parts  of  insoluble 
non- nitrogenous  matter,  and  about  "2  p.c.  of  ash.  In  dry  clover  or  cJoverhay  there  ist 
about  15  p.c.  of  wat^jT,  lit  p.c.  of  nitrogen oua  matter,  and  7  p.c.  of  ash.  Thb  cqiu* 
position  of  gTHBsy  substances  shows  tbat  they  ai-e  capal)le  of  forming  the  Botne  sort  of  ehiiT- 
coal  as  wood  itself.  It  jdfto  show*  tlio  difference  of  nutritive  propertieH  existing  between 
wood  and  the  fiobstanceA  mentioned,  Thestf  latter  servt*  u«  forwl  for  animals,  becaUKe 
tbey  contain  thofl©  subfltonces  which  ar*?  capable  of  being  disHolved  (enterLug  into  the 
bhnjd)  and  forming  the  body  a!  aidmaln ;  such  subfitancert  are  profceids^  starch,  &v.  Let 
^du  r*?mark  here  that  with  a  guRwl  harvent  at»  acr«  of  land  gives  in  the  form  of  gross  m» 
[ich  organic  HubHtance  us  it  yields  in  the  form  of  wood. 
One  hundred  partn  of  dry  wood  are  capable  of  giving,  by  nn^aiiK  of  dry  distillation^ 
besides  25  p.c.  of  clmrcoal  and  ID  i\c.  or  more  of  tar,  4U  p.c.  of  watery  liquid,  containing 
acetic  acid  and  wood  spirit,  and  alxmt  25  p.c.  of  gasei^,  whicli  may  be  uwed  for  bwitiiig  or 
lighting  purymses,  l>ecauHe  tbey  do  not  differ  from  ordinary  illuminating  gas,  which  cam 
indeed  be  obiainied  front  wood.  Ah  wood-charcoal  and  tar  lure  contly  pri>duct(*,  in  some 
canoH  the  dry  distillation  of  wt»od  is  carri^'d  on  piincipally  for  pro<lucing  Ibeio.  For  this* 
purpose  tho&e  kinds  of  woods  arc  particularly  advantageous  whit.'h  contain  resiuouR  sub- 
titanceH,  especially  coniferous  tr*  f  a,  such  as  Hr,  pine,  Arc ;  birch,  oak,  and  ak^h  give  much 
less  tar,  but  on  the  other  hand  they  jHeld  more  watery  liquid.  The  latter  is  used 
for  the  manufacture  of  wood  spirit,  CH^O,  and  acetic  acid,  C;fH40a.  In  such  CAMit 
the  dry  distillation  is  carried  on  in  stillH,  Stills  are  nothing  more  than  hori- 
eootal  or  vertical  cylindrical  retorts,  made  of  Iwiler  plate,  heated  with  fuel  a.nd 
having  apertures  at  the  top  aiid  sometimes  also  at  the  botloin  for  the  exit  of  the  light  and 
heavy  products  of  distillation.  Tiie  dry  distillation  of  wood  in  stoves  in  carried  on  in  two 
ways,  either  by  burning  a  portion  of  the  wckmI  inside  the  stove  in  order  to  submit  Uie 
remainder  to  dry  distillation  by  means  of  the  heat  obtained  in  this  manner,  or  hy  phi>cing 
th*  wood  ill  a  stove  the  thin  Hides  of  which  are  surrounded  with  a  flue  loading  from  the 
fueU  placed  in  a  space  below. 

The  first  means  does  not  give  sntdi  a  large  amount  ol  liquid  prodtiots  of  the  dry 
distillation   as  the  latter.    In  the  latter  process  Uiere  Is  generally  an  outlet  below  for 
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This  branch  of  chemistry  is  kno^ii  under  tlie  name  of  organit* 
chenustiy— that  is,  the  chemistry  of  carlion  compounds,  or,  more 
strictly,  of  th€«  hydroc^irljons  and  tlieir  derivatives. 

If  any  one  of  these  organic  compounds  be  strongly  heated  without 
access  of  air — or,  l^etter  still,  in  a  \:acuum — it  decomposes  with  more  or 
less  facility.  When  organic  substances  are  heated  in  air,  it  is  well 
known  that  they  hum  ;  but  if  the  supply  of  air  l>e  insufficient,  or  the 
temperature  be  too  low  for  combustion,  and  if  the  first  volatile  pro- 
ducts of  transformation  of  the  organic  matter  are  subjecte<i  to  con- 
densation {for  example,  if  the  door  of  a  stove  be  opened),  an  imperfect 
combustion  takes  place,  and  smoke^  with  charcoal  or  soot,  is  formed.^ 

«»iiiptymg  out  the  charcoal  at  the  cloi»e'  of  the  o|>eratioii.  For  the  dry  (liKiillntion  of  100 
{wirtfi  of  wocxl  from  forty  to  twenty  imrts  of  fuel  ure  lifted. 

There  ur^  many  step*  hetweeii  the  method  of  bartiing  wood  in  sl<u:kH  (So\^  i)y  iind 
that  of  huniing  it  in  an  enclosed  i^pace — namely^  tho»o  in  which  the  burning  of  the  char- 


FuJ*  B7.— Apparatiw  for  the  rtry  dXstiUntioD  of  wocmI.  Titc  ret-ort  a  oontftinlng  the  wowl  is  hent^l  by 
the  tti]e«  <r«.  The  etoam  bdcI  Tolatilc^  proilucta  of  fljstllUtiou  pms^  nloiig-  tbo  tube  g  iht*Mieh  the 
ooQitoiBor  nt,  where  they  are  oondtfiwecL    Tlie  torm,  dintribntfoti,  anrl  tlimcfLaious  of  the  aiipamtu* 


coal  ia  iM^coinpiiknied  by  n  certain  production  of  tar.  This  ifi  effected  by  means  of  trenches 
dag  in  the  earth  und  having  slopini;  bnttomft^  by  which  mnirivmic^  the  tar  separated  by 
the  chnrring  of  the  wfx>d  flows  inu»  special  ree«iveT».  This  procesB  is  much  used  in 
the  north  of  Ruft»m. 

In  the  north  of  Russia  wood  is  so  plentiful  and  cheap  thai  thtA  locaHty  is  odmirnbly 
fitted  to  boconie  the  centre  of  a  geueral  trade  in  the  products  of  the  dry  dihtil- 
ttttion  of  wood«  Coid  (^ote  B),  »ea-weed^  turf,  atiiimii  Bubstancvs  (Chap,  VI.),  &e,^  are 
iklso  Aubmitted  to  the  proceHfi  of  drj*  distillation. 

*  The  re»uU  of  imperfect  oombuHtion  i*.  not  only  the  Iosh  of  a  purt  of  the  fuel  and  tXxe 

production  of  Huioke,  which  in  wjuie  reMi>eets  in  inconvenient  and  iiijuriouft  to  health,  but 

alfio  n  low  flame  temperature^  which  meuni^  that  a  le&K  amount  of  heat  ib  trauHmitted  to 

the  object  heated.     Imperfect  conibuHtiou  in  not  only  always  accompanied  by  the  forma* 

riicm  of  BOOi  or  tmbumt  pariiclea  of  cliorciml,  batalM  by  that  of  oarboiiic  oxide,  CO,  in  tho 
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The  nature  of  the  piienomenon,  and  the  products  ansing  froai  it,  are 
the  same  as  those  produced  V>y  heating  alone,  as  that  part  which  is  in  a 
state  of  combu.stiou  serves  to  heat  the  remainder  of  the  fuel.  The  decoUi- 
position  which  takes  place  on  heating  a  com  pound  eoniposed  of  carbon, 
hydrogen,  and  oxygen  is  as  foDowa  ; — A  part  of  the  hydrogen  is  sepa- 
rated in  a  gaseous  state,  another  part  in  combination  wit!i  oxygen, 
and  a  third  part  separates  in  combination  with  csirbon,  and  sometimes  in 
combuiation  with  carbon  and  oxygen  in  the  form  of  gaseous  or  \'olatile 
products,  or,  a.s  they  ar-e  also  called,  the  products  of  dry  distillation. 
If  the  vapours  of  these  products  are  passe<l  through  a  highly-heated 
tulw,  tlien  they  are  changed  again  in  a  similar  manner,  and  finally 
i-esolve  themselves  into  hyilrogen  and  charcoal.  All  these  various  pi'o- 
ducts  of  decomposition  contain  a  smaller  amount  of  carl>oo  than  the 
primary  organic  matter  ;  part  of  the  carbon  separates  in  condjination 
with  hydr'ogen  and  oxygen,  but  part  of  it  remains  in  a  free  state,  form- 
ing charc<>al.^    It  remains  in  that  spiice  wliere  the  decomposition  takes 

wmolte  (Cliiipter  IX, >  which  bani*4,  emitting  much  lieat.     Iti  workt,  mid  factorief*  where 
Urge  (juaiiiititfM  of  tuv)  ere  couHUJOtxl*  many  iippliaitceH  are  adoptod  totmHure  perfect  eom- 
IjiiHtirH),  ttiid  Vq  eoiubat  against   mich  a  ruiooHs  practice  as  Ute  imiiei-fect  tjomhUMtiyl*  ul 
fuel.     The  most  nffecti^'e  ilihI  nwlical  meanH  ronniNtH  in  eaiployiiig  the  combutitible  ^tu^e^ 
<'regenenvtive  iLiid  water  giiMCH),  beeauiie  by  their  aid  jMsrfect  eot£ibui>itiou  can  bo  easily 
realised   without  a  lo»8  of  htfat-producing  i^ower   jind   thu  liightv»t    tem[jerature   ciui 
be  reached.    When  aolid  fuel  ih  used  (sach  iit*  cual*  wtwxl,  und  tiirf)^  imiTtrfeet  coiubufcitioii 
m  most  liable  to  <Tccur  when  the  fnnmce  doorH  are  optfiied  for  the  introduction  of  frenh 
fuel.    The   wtep   funnvce   nmy  often  prove  a  I'enitdy  for  tliis  defect.     In  the  ordinary 
furnace  freKh  fuel  jh  placed  on  the  burning  fuel,  and  the  prodnctt*  of  dry  dititdllation  t>f 
the  frewh  ftitd  have  to  bum  at  the  eKjicnNe  of  the  oxygi^n  remaining  nncombined  with 
the  burnt  fuel.     Iinjverfect  corabtistiou   is  observed  in  tliis  case  also  from  the  fact  tliat 
the  dry  diHtilLition  and  evaporation  of  the  water  of  the  fre»h  fuel  lying  on  the  1^^  of  that 
burnt,  lowerii  the  temperature  of  the  Hanie^  becuiatse  jjart  of  the  heat  becomus  lateiit. 
On  this  account  a  hirge  aninunt  of  Huioke  nm£Hirf<?ft  combustion)  is  ob&erredwhen  a  frenh 
f|uantity  of  fueli  is  introduced  into  the  funnice.     Tliis  may  be  obviattjd  by  constructing 
the  funnice  (or  mauatpiig  the  Hloking)  in  nuch  a  wuy  that  the  products  of  dirttillatiou  piiii«  * 
ibroagh  th«j  re-d-hot  cluircoal   remainini?  from  the  burnt  fuel.     It  is  only  necesstiJ^  ia 
order  to  eo^ure  thi*i  to  allow  a  Kufiicient  quantity  of  iiir  for  perfect  combustion*     All  tiiirt 
may  be  cntHtly  attained  by  the  uw*  of  wtep  iire-bars.     The  fuel  ih  shovelled  into  a  fuiiii«l  | 
and  fall^  nn  ia  tVie  fire-bars^  which  are  disjKwied  in  the  form  of  a  Htaircane,       h     burnijig^  i 
charcoal  i*  below,  and  therefore  the  Hiime  formed  by  the  freyh  fuel  is  heated  by  tlie  con- 
tact of  the  reddiot  burning  charcoal.     Au  air  supply  through  the  fire  grate,  and  it»*  equal  ' 
diKtribution  on  the  fire-bars   lotherwiRe   the  uir  will  blow  tluough  the  empty  spiw^e  and 
lower  the  teraivcraturc »,  a  pn'iier  prop<»rtjon  l>«twecn  the  supply  of  air  and  the  ehimiiey 
draught,  aud  a  perfect  admixture  of  air  with  the  flame  (without  an  undue  excewn  of  air),  ' 
are  the  means  by  whi<'h  we  can  wtrive  ivgaiuHt  the  impei-fecfc  eombuMtion  of  such  kinds  of 
foci  as  wood,  jiteat,  and  ordinary  (smoky)  coal.      Coke,  sieaJn  ooal,antliracitej  bum  witli- 
oul  amoke,  becautie  they  dt*  not  contain  hydrogenoun  HubetMioeB  which  funuHh  the  pro. 
duotH  of  dry  distillation,  but  imperfect  combustion  mtiy  <x3cur  with  them  alsoj  then  thai 
smoke  containn  carliotiic  oxide. 

^  The  various  kinds  of  coal  used  in  pructice  and  found  iu  nature  are  the  products  of  J 
the  traufimutation  of  the  remaiiifl  of  organic  matter.  There  is  no  organic  ffuhRtoncej 
v^liicb  contains  in  itmelf  sufficient  oxygen  not  only  to  combine  with  hydrogen  in  order  . 
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place  in  the  shape  of  a  black,  infusible,  non-volatile  charcoal  familiar 
to  all.  The  earthy  matter  and  all  non- volatile  substances  (ash)  form- 
ing a  part  of  the  organic  matter,  remain  behind  with  the  charcoal.  The 
tar-like  substances,  which  require  a  high  temperature  in  order  to  de- 
compose them,  also  remain  mixed  with  charcoal.  If  a  volatile  organic 
substance,  such  as  a  gaseous  compound  containing  oxygen  and  hydro- 
gen, be  taken,  the  carbon  separates  on  passing  the  vapour  through  a 

form  water,  but  al>»o  to  unite  with  the  carbon  to  form  carbonic  anhydride.  The 
greater  part  of  vegetable  tissue  consistn  of  the  cellulose,  CqHjoO^  ;  from  ite  composi- 
tion it  is  evident  that  the  oxygen  is  insufficient  to  transform  the  hydrogen  into  water  and 
the  carbon  into  carbonic  anliydride,  because  for  this  purpose  it  would  require  17 
•equivalents  and  it  only  contains  5.  This  reasoning  also  refers  to  all  the  remaining 
organic  substances.  Under  the  action  of  air,  organic  substances  are  capable  of  oxidising 
to  such  an  extent  that  all  the  carbon  and  all  the  hydrogen  they  contain  will  be  trans- 
formed into  carbonic  anhydride  and  water.  The  refuse  of  plants  and  animals  are  subjected 
to  such  a  change  whether  they  slowly  decompose  and  putrefy,  or  rapidly  bum,  with  direct 
access  to  air.  But  if  the  supply  of  air  be  limited,  then,  in  virtue  of  the  above-stated 
reasoning,  there  can  be  no  complete  transformation  into  water  and  carbonic  anhydride, 
and  therefore,  if  organic  matter  decomposes  under  these  ccnditions,  charcoal  must 
remain,  as  it  is  a  non- volatile  substance.  All  organic  substances  are  unstable,  they  do 
not  resist  heat,  and  in  time  easily  change  at  ordinary  temperatures,  particularly  if  water 
be  present.  Therefore  it  is  easy  to  understand  that  charcoal  may  be  obtained  in  many 
cases  tlirough  the  transformation  of  substances  entering  into  the  composition  of 
organisms,  but  that  it  is  never  found  in  a  pure  state. 

The  transformation  of  organic  matter  is  not,  however,  so  simple  as  would  appear 
from  the  preceding  statements ;  that  is  to  say,  water  and  carbonic  anliydride  are  not  the 
only  products  separated  from  organic  substances.  Carbon,  hydrogen,  and  oxygen  are 
capable  of  giving  a  multitude  of  compounds ;  some  of  these  are  volatile  compounds, 
gaseous,  soluble  in  water — they  are  carried  off  from  organic  matter,  undergoing  change 
without  access  of  air.  Others,  on  the  contrary,  are  non-volatile,  ricli  in  carbon,  constant 
under  the  influence  of  heat  and  other  agents.  The  latter  remain  in  admixture  with 
charcoal  where  the  decomposition  takes  place;  such,  for  example,  are  tarry  sub- 
stances. The  quantity  of  those  bodies  which  arc  found  mixed  with  the  charcoal  is  very 
varied,  and  depends  on  the  energy  and  duration  of  the  decomposing  influence.  For 
instance,  when  wood  is  first  acted  on  by  heat,  the  moisture  separates ;  it  then  turns 
brown,  but  still  contains  a  large  amount  of  oxj'gen  and  hydrogen.  If  the  action  be 
further  continued  the  quantity  of  these  latter  elements  diminishes,  and  the  proportion  of 
carbon  in  the  residue  increases,  although  a  part  of  it  is  carried  off  in  the  shape  of  the 
volatile  products  of  decomposition.  Tlie  greater  the  heat,  the  less  the  quantity  of  char- 
coal obtained,  and  the  less  the  amount  of  hydrogen  and  oxygen  contained  in  the  remain- 
ing charcoal.  The  annexed  table  shows,  according  to  the  data  of  Violette,  those  changes 
to  which  wood  is  subjected  at  various  temperatures  when  submitted  to  dry  distillation  by 
means  of  suiwrheated  steam  : — 
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tube  heated  to  n  high  terajxM'uture.  Ovgiimc  aubstancet*,  wlien  burning 
^vith  an  insufficient  supply  of  air,  give  off  soot  -that  is,  charcoal — pro- 
eeetling  from  carbon  compuunds  in  a  state  of  \apour,  the  hydrogen 
of  which  has,  by  combustion,  been  converted  into  water  ;  so,  for  instance, 
turpentine,  naplithalene,  and  other  hydrocarbons  which  are  with  diffi- 
culty decoinposed  by  heat,  easily  yield  carlion  in  the  form  of  soot  during 
combustion-  Clilorine  and  other  substances,  which,  like  oxygen,  are 
capable  of  taking  up  hydrogen,  and  also  substances  which  are  capable 
of  taking  up  water,  can  also  separate  carbon  from  (or  char)  most  organic 
sulistances. 

When  organic  substances  are  burning  in  an  insuthcient  supply  of 
air,  they  both  se[>arate  and  leave  charcoal.  Part  of  it  remains  behind 
as  a  residue,  as,  for  instance,  afterburning  wood  in  a  stove  some  remains 
in  the  form  of  charcoal.  Wood  charcoal  is  prepared  in  large  cjuantities^ 
in  a  similar  man iier— that  is,  by  the  partial  combustion  of  wood.^  In 
nature  a  like  process  of  carlxmisiition  of  vegetable  refuse  takes  place  in 
its  transformation  under  water,  as  showii  by  the  marshy  vegetation 
which  furins  peat.'     In  this  njanneri  doubtless,  the  enormous  masses>  J 


*  The  object  of  pruiluiiii|j;  charcoal  from  woo<\  hnn  \wvn  expUim^d  in  F»3otnote  1.  | 
Wood  charcoal  is*  Dbt<iined  in  HO»i?alletl  Htuvks  by  purtinlly  btiming  the  wood^  or  by 
inciuis  of  dry  distillatiou— thiit  itt,  by  heating  wood  in  iin  enclosed  space  (iu  ret<irtft» 
Note  1) — without  the  occeKH  of  air.  It  if*  priiicipidly  nianuf Matured  for  tnetidlur- 
ffieal  processes^  espccittlly  for  Bin  citing  and  forging  iron — that  ia^  for  uae  in  smithio*^  ] 
Tlie  preparation  of  charcoa]  in  fltrickfi  ha»  one  lidvuntage,  and  that  in  that  it  may  be 
done  on  any  apot  in  the  foreat*  But  in  this  way  all  the  products  of  dry  dii^tiUiiliou 
arelofit.  For  ehurcoal  huruinjtj,  i%  pile  nr  ntai  k  is  generally  built/iii  which  the  logn  af© 
closely  placed,  either  horizontally^  vertically,  or  inelined,  forming  a  iitack  of  from  six  to 
Miy  f«et  in  diameter  and  even  larger.  Under  the  Btiiek  there  are  several  lioriz^mtal  air 
pABBAgf^bf  and  an  opening  in  ilie  middle  to  let  out  the  E;moke.  The  surface  uf  the  Ktack  is-  1 
covered  with  aods  to  a  eon  Hide  rah  le  thieknettH,  eHptwially  the  upp«er  part,  in  order  to  hinder 
the  frt^e  pitfiBage  of  air  and  to  ecnieentrat^  the  heat  inside.  When  the  k tack  is  kindled^  the 
pile  begins  to  Bettio  down  by  degrees,  and  it  is  then  netiesBary  to  look  after  the  tur( 
cmiing  and  keep  it  in  repair.  Ah  the  combustion  Hi>reiida  throughout  the  whole  pile,  the 
temperature  rises  and  real  dry  distillation  eonunenceii.  It  in  then  neeeBHttry  tf*  Bt^jp  th«? 
air  holeSj  in  order  a»  much  txh  iHnwsible  tn  prevent  unneceRsary  combu»tion.  The  nature 
of  the  proceB«  ia^  that  part  of  the  futd  )mrnH  and  develops  the  heat  required  for  «ub- 
jecting  the  renminder  to  dry  diHtillation.  The  charring  of  the  aiavk  lanta  alioot  a  fort- 
night, and  in  brouj^ht  to  a  termination  hy  Hcattering  earth  over  tlie  inuaudeikient  charcoal 
to  fl.top  tlie  crHid>UHtion<  The  charring  is  ntiipped  when  the  protluct!*  of  tlry  distilliitiott^ 
which  are  emjttedf  no  lunger  bum  with  a  brilliant  tlauie,  but  the  pale  blue  flame  of 
larhonic  oxide  appears,  Ury  wood  in  Btackg  yields  about  oue-fourtb  of  its  weight  of  ( 
charcoal. 

^  When  dead  vegetable  matter  undergoes  tran^iformation  in  air^  in  the  presenoe  of  J 
moisture,  there  rem aiuii.  a  substance  much  richer  in  carbon — namely,  huinus,^  black  eartli»1 
ortnauld.  100  partis  of  liunm^  in  n  dry  ntate  contain  about  70  p.c,  of  carbon.  The  ro<ita,  , 
leaves,  and  st^amu  of  plaiitH  which  wither  and  fall  off  form  a  tioil  rich  in  huntuew| 
The  nou- vital  vegetable  HubHtanceH  (ligneous  tissiue)  first  form  brown  nnttter  (ulmici 
compounds),  and  then  black  matter  (humic  siibHtamert),  which  are  both  iiiauluble  | 
in  water;  after  this  a  brown  acid  in  prinluced, which  is  »tduble  in  water  (a|>ucreaio  acid)^ 
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of  coal  were  formed,^  which,  following  the  example  set  by  England,  are 
now  utilised  everywhere  as  the  principal  material  for  heating  steam 

and  lastly  a  colourless  acid  also  soluble  in  water  (crenic  acid).  Alkali  dissolves  a  part 
of  the  original  brown  and  black  substances,  forming  solutions  of  a  brown  tint  (ulmic 
and  humic  acids),  which  sometimes  communicate  their  colour  to  springs  and  rivers.  The 
composition  of  the  humus  in  the  soil  is  generally  in  connection  with  its  fertility ;  firstly, 
because  putrefying  plants  develop  carbonic  anhydride  and  anmionia,  and  yield  the  saline 
substances  which  are  necessary  to  vegetation ;  secondly,  because  humus  is  capable  of 
attracting  the  moisture  of  the  air  and  of  absorbing  water  (twice  its  weight)  and  in 
this  way  keeps  the  soil  in  a  damp  condition,  which  is  indispensable  for  nourishment ; 
thirdly,  humus  renders  the  soil  porous,  and,  fourthly,  renders  it  more  capable  of  absorb- 
ing the  heat  of  the  sun's  rays.  On  this  account  black  earth  is  often  most  remarkable  for 
its  fertility.  One  object  of  manuring  is  to  increase  the  quantity  of  humus  in  the  soil, 
and  any  easily  changeable  vegetable  or  any  animal  matter  (composts)  may  be  used.  The 
boundless  tracts  of  black  earth  soil  in  Russia  are  capable  of  bestowing  countless  wealth 
on  the  country. 

The  origin  and  extent  of  black  earth  soil  is  treated  in  detail  in  Professor  Dokou- 
chaeflTs  works. 

If  those  substances  which  produce  humus  undergo  decomposition  under  water,  lets 
carbonic  anhydride  is  formed,  a  quantity  of  marsh  gas,  CH4,  is  evolved,  and  the 
solid  residue  forms  an  acid  humus,  found  in  great  quantities  in  marshy  places,  and 
called  peat.  Peat  especially  abounds  in  the  lowlands  of  Holland,  North  Germany, 
Ireland,  and  Bavaria.  In  RuHsia  it  is  like%rise  found  in  large  quantities,  especially  in  the 
North-west  districts.  The  old  hard  forms  of  peat  resemble  in  composition  and  properties 
brown  coal ;  th^  newest  formations,  as  yet  unhardened  by  pressure,  form  very  porous 
masses  which  retain  traces  of  the  vegetable  matter  from  which  they  have  been  formed. 
Dried  (and  sometimes  pressed)  peat  is  used  as  fuel.  The  composition  of  peat  varies 
considerably  with  the  locahty  in  which  it  is  found.  When  dried  in  air  it  does  not  contain 
less  than  15  p.c.  of  water  and  8  p.c.  of  ash ;  the  remainder  consists  of  45  p.c.  of  carbon, 
4  p.c.  of  hydrogen,  1  p.c.  of  nitrogen,  and  28  p.c.  of  oxygen.  Its  heating  power  is  about 
equivalent  to  that  of  wood.  The  brown  earthy  varieties  of  coal  were  probably  formed 
from  peaL  In  other  cases  they  have  a  marked  woody  structure,  and  are  then  known  as 
lignites.  The  composition  of  the  brown  sorts  of  coal  resembles  in  a  marked  degree  thai 
of  peat — namely,  in  a  dried  state  brown  coal  contains  on  an  average  60  p.c.  of  carbon,  5 
p.c.  of  hydrogen.  26  p.c.  of  oxygen  and  nitrogen,  and  9  p.c.  of  ash.  In  Russia  brown  ooal  is 
met  with  in  many  districts  near  Moscow,  in  the  governments  of  Toula  and  Tver  and  the 
neighbourhood;  it  is  very  generally  used  as  fuel,  particularly  when  found  in  thick 
>eams.  The  brown  coals  generally  bum  with  a  flame  like  wood  and  peat,  and  are 
akin  to  them  in  heating  power,  which  is  two  or  three  times  less  than  that  of  the  best 
coal. 

^  Grass  and  wood,  the  vegetation  of  primaeval  seas  and  similar  refuse  of  all  geological 
periods,  must  have  been,  in  many  cases,  subjected  to  the  same  changes  they  now 
undergo — that  is,  under  water  they  formed  peat  and  lignites.  Such  substances,  pre- 
^<er^-ed  for  a  long  time  underground,  subjected  to  the  action  of  water,  compressed 
by  the  new  strata  formed  above  them,  transformed  by  the  separation  of  their 
more  volatile  component  parts  (peat  and  lignites,  even  in  a  finished  state,  still 
continue  to  evolve  nitrogen,  carbonic  anhydride,  and  marsh  gases),  form  coal.  Coal  is  a 
dense  homogeneous  mass,  dark  brown  or  black,  with  an  oily  or  glassy  lustre,  or,  more 
rarely,  dull,  without  any  evident  vegetable  structure ;  this  distinguishes  it  in  appearance 
from  the  majority  of  lignites.  The  density  of  coal  (not  counting  the  admixture  of 
]>yrites,  drc.)  varies  from  1*25  (dry  bituminous  coal)  to  1*6  (anthracite,  flameless),  and 
even  reaches  19  in  the  very  dense  variety  of  coal  found  in  the  Olonetzky  government 
Uermed  thungite;,  which,  according  to  the  investigations  of  Professor  Inostrantzeff,  may 
be  regarded  as  the  extreme  member  of  the  various  forms  of  coal. 

In  order  to  explain  the  formation  of  coal  from  vegetable  matter,  Caigniard  de^la  Tour 
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boilers,  and  in  general  for  all  purposes  of  heating  and  burning^  Russia^ 


encloAed  piec&e  of  dried  irvood  'm  ti  tul>e  and  heated  them  to  the  boiling  piT^int  of  iuerc^ury,  | 
when  the  wood  wuh  cluiuged  into  a  t«!  mi 'liquid  hliu'k  rnOkSH  fitim  whidi  n,  ^nhnUmc^  < 
exctiedinjrfly  like  voikI  wtiparated.  In  thift  muimer  wmw  kinds  of  wood  fonued  ccmU,  which, 
on  being  healed,  left  eakini;  coke,  otherrt  tjon-caking ;  precisely  as  we  find  with  the 
natural  varieties  of  touL  Violette  repented  thesfi  experinients  with  wood  dried 
lit  150"^  And  «howed  tliat  when  wood  is  deeoinpoBed  in  thin  wity  >b  gas,  a  watery  liqaic]^ 
itnd  aref^idne  are  formed,  Tlie  latter,  at  a  temperature  of  300''',,  hus  the  properties  of  wood 
charcoal  incompletely  bunit;  atBCK)'^  aiid  higher  ti  homogeneouH  rimHH  like  coidiH  fonued, 
which  lit  iW}^  iw  dense  and  without  cavities.  At  400'-  the  reHidue  re«embleH  anthracite* 
In  iitttiire  probably  the  decomposition  was  effected  by  heat  aloue  in  rare  cases ; 
more  generally  it  wfw  efTected  by  meaim  of  water  and  heat,  Imt  in  either  vam  the  reanlt 
ought  to  be  ahrtoift  the  fukme. 

The  average  eonipos^itiou  of  coal  compiled  from  many  analyf)e«i,  disrogKrding  tJie  ' 
aali,  is  AH  follows  ;  84  partn  of  earbou,  f*  partw  of  hydri^gen,  1  part  of  nitrogen*  8  parts  of  * 
oxygen,  *J  of  rjulphnr.  The  luedium  quantity  of  afth  ifl  5  p.c,  but  there  are  coals  which 
contain  u  large  cpiantityt  and  naturally  they  are  not  ho  advantageout^  tctv  use  as  fueL  As 
regards  the  amount  of  water,  cual  in  this  respect  in  much  more  profitable  than  lignii«  or 
|>eiit,  AH  it  does  not  iiNiually  contain  more  than  10  p. c.  of  water.  Tlie  anthracites  form 
a  remarkable  variety  of  coals,  and  are  indeed  »onietimes  placed  in  a  separate  categury ; 
they  do  not  give  any  volatile  product*,  or  but  a  ver>'  »mall  amount,  a»  they  contain  but 
iiltl©  hydrogen  compared  to  oxygen.  In  the  avt^rage  compoHition  of  coal  we«aw  that  for 
5  parts  of  hydrogen  there  were  8  parts  of  oxygen ;  therefore  i  parts  by  weight  of  the 
hydrogen  aire  capable  of  forming  hydrocftrbons,  becjiuse  1  jmrt  of  hydrogen  in  neeeasAry 
in  order  to  form  water  with  the  H  part**  of  oxygen.  Tliese  4  parts  by  weight  of  bydrog<*n 
can  convert  48  parts  of  carbon  into  the  form  of  benzene  or  siniilar  vohitile  produoti>, 
beeaUi^e  1  part  of  hydrogen  by  weight  in  these  suhntancea  combines  with  12  piiTla  of 
carbon.  The  antbrELcites  differ  eHHentially  from  this ;  neglecting  the  ash,  their  avennge 
composition  is  a^  folio wh  :  JM  parts  of  carbon,  a  of  hydrogen,  and  3  of  oxygen  and 
nitrogen.  According  to  the  analyaett  of  A.  A,  VoHkrewennky,  the  CTrouHheffaky  anthnteite 
(Don  dti^trittt  containji:  C  =1IS'HI,  H  — I'T*  aah^l'5.  Therefore  the  antliracitcii  contnin 
but  little  hydTogeii  capable  of  conibining  with  the  carbon  to  fonii  hydrocarbons,  wliioh 
bum  with  a  tlame.  Anthracitesi  are  the  most  ancient  forms  of  coal.  The  newest  luid 
least  trunformed,  which  resemble  some  of  the  brown  varie ties,  are  the  dry  coals  (Grfincr'* 
first  group).  They  bum  with  a  flame  like  wood,  and  leave  a  coke  having  the  appeariuicv 
of  luinpK  of  coal,  half  their  component  parts  being  absorlwd  by  the  llame  (they  cM^ntiiin 
innuh  hydrogen  and  oarygeii).  The  reiQaining  varieties  of  coal  ('Jiid  group,  giw  ooalr 
8rd,  smithy  cH>al ;  4th,  coking  ;  and  5th,  anthracite,  according  to  Grliner)  in  all  respectfi 
form  ctiimecting  linkn  between  the  dry  coalw  and  the  anthnicites.  These  eoaU  bum  with 
a  very  smoky  Hame,  and  on  being  heated  leave  coky^,  which  bear?*  the  wune  relation  to 
cool  as  charcoal  docs  to  wood.  The  quantity  and  quality  of  coke  varies  eousiderahly 
with  the  different  sort*^  (d  eoal  from  whicJi  it  it*  formed.  In  practice  coals  are  luoHt  often 
diRtingniHhed  by  the  pro[M?TtieB  and  quantity  of  the  coke  which  they  give.  In  this  pmr- 
ticular  the  so-trailed  liituniinouB  coals  are  especially  valuable,  at)  even  »mall  coal  (haked^ 
of  tliis  kind  given  by  dry  dintilhition  large  spongy-  manneM  of  eoke.  If  large  pieces  of 
these  kindH  of  coal  are  sabjected  to  dry  distillation,  they,  *iJi  it  were,  melt,  flow  togethfr, 
and  form  raking  masseit  of  coke.  The  heHt  coking  coalK  give  U5  p.c.  of  dense  caking 
coke>  Such  coal  is  rery  valuable  fi>r  metallurgical  purposen  <>r/»  Note  H),  Besides  coke, 
the  dry  distillation  of  c«irtl  produces  gaa  Ure  further,  illnmimvting  gas),  coal- tnr  I  which 
givefi  benzene,  earbolic  tw  id,  naphthalene,  Lar  for  lurtiMcial  a^plmlt,  vtc.)*  oad  also  a 
watery  alkaline  liquid  (with  wood  and  lij^tes  the  liquid  is  acid  from  aeetie  mid)  wbicb 
eontaiits  ammnniwm  cturbonate  {aev  Note  OK 

'  In  England  in  1H50  the  output  of  cotil  was  alrettdy  48  million  tons,  and  in  latter 
yeiirn  {1HH4-1HAH)  it  rose  to  about  1(^0  inillions.     Besides  Uiis  the  other  conn  tries  ooq. 


CARBON  AND  THE   HYDROCARBONS  835 

possesses  many  very  rich  coalfields,  amongst  which  the  Don  district  is 
most  worthy  of  remark/ 

During  the  imperfect  combustion  of  volatile  substances  containing 
carbon  and  hydrogen,  the  hydrogen  and  part  of  the  carbon  first  bum, 
and   the   remainder  of  the  carbon  forms  soot.     If  oil  of  turpentine, 

tribute  280  millions — Rassia  about  3^  milliong,  the  United  States  of  America  come  next 
to  England  with  an  output  of  75  million  tons,  then  Germany  60  millions;  France 
produces  but  little  (20  millions),  and  takes  about  5  million  tons  from  England.  Besides 
household  purposes,  coal  is  chiefly  used  as  fuel  for  steam-engines.  As  ever}'  horse-power 
( =  75  kilogrammetres  per  second)  of  a  steam-engine  expends  on  the  average  more  than 
25  kilograms  in  24  hours,  or  in  a  year  (counting  stoppages)  not  less  than  5  tons  per 
horse-power,  and  there  are  not  less  than  40  milhon  horse-power  at  work  in  the  world, 
the  consumption  of  coal  for  motive-power  is  at  least  equal  to  half  the  whole  production. 
For  this  reason  coal  serves  as  a  standard  for  industrial  development.  About  15  p.c.  of 
coal  is  used  for  the  manufacture  of  cast  iron,  wrought  iron,  steel,  and  articles  made  of 
them. 

^  The  principal  workable  coal  beds  of  Russia  are  :  The  Don  basin  (115  million  poods 
per  annum,  62  poods  =  1  ton),  the  Polish  basin  (Dombrovo  and  others  110  million  poods 
per  annum),  the  Toula  and  Riazan  beds  of  the  Moscow  basin  (up  to  25  miUion  poods), 
the  Ural  basin  (10  million  |)oods),  the  Caucasian  (Kliboul,  near  Kutais),  the  Khirjhis 
steppes,  the  smithy  coal  basin  (Gov.  of  Tomsk),  the  Sahaline,  &c.  The  Polish  and  Mos- 
cow basins  do  not  give  any  coking  coals.  The  presence  of  every  variety  of  coal  (from  the 
dry  coal  near  Lisichanena  on  the  Douetz  to  the  anthracites  of  the  entire  south-east  basin), 
the  great  abundance  of  excellent  metallurgical  coal  (coking,  ge^  Note  6)  in  the  western 
part  of  the  basin,  its  vast  extent  (as  much  as  25,000  sq.  versts),  the  proximity  of  the 
Heams  to  the  surface  (the  shafts  are  now  from  20  to  100  fathoms  deep,  and  in  England 
and  Belgium  as  deep  as  500  fathoms),  the  fertility  of  the  soil  (black  earth),  the  proximity 
of  the  sea  (about  100  versts  from  the  Sea  of  AzofiF)  and  of  the  rivers  Donetz,  Don,  and 
Dnieper,  the  most  abundant  seams  of  excellent  iron  ore  (Korsan  Mogila,  Krivoy  rog, 
Soulin,  &c.y  drc),  copper  ore,  mercury  ore  (near  Nikitooka,  in  the  Bakhmouth  district  of 
the  Ekaterinoslav  Gov.),  and  other  ores,  the  richest  probably  in  the  whole  world,  the 
beds  of  rock-salt  (near  the  stations  of  the  Stoupka  and  Brianzovka),  the  excellent  clay  of 
all  kinds  (china,  fire-clay),  gypsum,  slate,  sandstone,  and  other  wealth  of  the  Don  coal 
hcuin,  give  complete  assurance  of  the  fact  that  with  the  growth  of  industrial  activity  in 
Russia  this  bountiful  land  of  the  Cossacks  and  New  Russia  will  become  the  centre  of  the 
most  extensive  productive  enterprise,  not  only  for  the  requirements  of  Rassia  alone,  but 
of  the  whole  world,  because  in  no  other  place  can  be  found  such  a  ooncentraticm  of 
favourable  conditions.  The  growth  of  enterprise  and  knowledge,  together  with  the 
extinction  of  the  forests,  which  compels  Russia  to  foster  the  production  of  coal,  will  help 
to  bring  about  this  desired  result.  The  forest  wealth  of  North  Russia  and  the  naphtha 
treasures  of  Caucasus  can  only  contribute  to  its  advancement,  and  have  not  the  power 
to  check  that  influence  which  the  Don  coal  basin  should  have  on  the  industrial  state  of 
Russia.  England  with  a  whole  fleet  of  merchant  vessels  exports  annually  about  25 
million  tons  of  coal,  the  price  of  which  is  higher  than  on  the  Donetz  (where  a 
I)ood  of  worked  coal  costs  less  than  5  copecks  on  the  average),  where  anthracites  and 
semi-anthracites  (like  Cardiff  or  steam  coal,  which  bums  without  smoke)  and 
coking  and  metallurgical  coals  are  able  both  in  quantity  and  quality  to  satisfy  the  most 
fastidious  requirements  of  the  industry  already  existing  and  rapidly  increasing  every- 
where. In  1850  the  world's  consumption  and  production  of  co«d  was  only  5000  million 
poods,  and  now  the  quantity  has  risen  to  25000  million  poods.  The  coal  mines  of 
England  and  Belgium  are  approaching  to  a  state  of  exhaustion,  whilst  in  those  of  the 
Don  basin,  only  at  a  depth  of  100  fathoms  1200000  million  poods  of  coal  Ues  waiting 
to  be  worked. 
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or  naphthalene  or  other  hydrocarbons,  be  burned  in  the  open  air,  soot  is  I 
formed  in  large  quantitie.s,  liecause  the^e  substances  contain  a  large 
amount  of  carbon.     Tar,  pitch,  and  similar  subst^ances  for  this  reajson 
burn    with   a   smoky    flame.     Tims,    soot  is    linely-iUWded     charcoal , 
separatetl  during  the  imperfect  combustion  of  the  vapours  and  gases  i 
of  carbonaceous  tiubatances   rich    in   carbon^     Specially-prepai'ed  soot 
(lampblack)  is  very  largely  used  as  a  black  paint,  and  a  large  quantity 
goes  for  the  manufacture  of  print e^rs'  ink.     The  quimtity  of  organic 
matter    remaining   undecoinposed    in    the   charcoal   depends   on    the 
temperature  to  which  it  has  been  submitted*     Charctial,  prepared  at  the  j 
lowest  temperature,  still  contains  a  considerable  cj  u  a  at  ity  of  hydrogen] 
and   oxygen — even    as  much    a-s    4    p.c.  of   hydrogen  ajid  20    p,c.    of  j 
oxygen.     Such  charcoal  still  preserves  the  structure  of  the  substance  j 
from  which  it  was  obtained.     Ordinary  cliarcoal,  for  instance,  in  which 
the  layers  of  the  tree  are  yet  visible,  is  of  this  kind.     On  submitting  it 
to  further  heating,  a  fresh  quantity  of  hydrogen  with    carbon   and 
oxygen  (in  the  form  of  gases  or  volatile  matter)  may  be  separated,  and 
the  purest  charcoal  will  be  obtained  on  suljmitting   it   to  tlie  greatest 
heat,'^     If  it  Ije  required  to  prepare  pure   charcoal  from   soot,  it   Lsj 
necessary  tirst  to  wash  it  with  alcohol  and  ether,  in  order  to  get  rid  of  j 
the  soluble  tarry  pnjducts,   and  then  submit  it  to  a  powerful  heat  ta  I 
drive  off  the  impurities   containing  hydrogen  and  oxygen.     Charcoal, 
however,  when  completely   purified    does    not  change  in  appearance. 
Everybody   knows   that  chai'coal    is   a   black   amorphous    substance, 
without  any  signs  whatever  of  crystallisation  (probably  a  colloid).     Its 
porosity/*^  biwl  conducting  power  for  lieat,  capability  of  absorbing  the 


*  Aa  it  itt  *lif!iculi  k>  Heparnte  from  the  charcoal  tliB  adinixbiije  of  ash — thiit }«,  the 
«a.rthy  matter  contained  in  the  vegt^trtlile  sulmtaiiee  used  for  producitigcliareoiLl — in  order 
to  ohtiiiii  it  in  itn  purest  coutliLiou,,  it  in  ii«*ct*s*iiiry  to  use  such  orgaiiic  »iibBtanc«aa  im  do 
not  contain  tiny  n^h,  for  ex  amp]  m,  eoinpletely  re&nod  or  purified  cryetnllititid  sugiyr, 
crytitalliRed  tartaric  atid^  ttc. 

10  Thetavitiea  in  charcoul  art*  the  passagoB  throagh  wlikh  tko»e  volatile  prodaetd 
fnniied  at  the  f»a»i«j  tiu>i^  >ih  the  charcoal  have  panaed.  The  degree  of  porosity  of 
r^harcoal  varicH  conRiclfrably*  and  hus  a  tt^chnical  elgnificance,  in  different  kinds  of 
cliarcoat.  Tlie  iiitiHt  poronn  charcoal  m  very  liglit;  a  cubic  m«?tre  of  wood  chiireoal 
weighs  rtbout  *2CH1  ktloipriviiiK.  Many  of  the  iiropertieH  nl  idinrcoal  which  dejjeiid  exclu- 
-fiively  on  it»  poroBity  aTe  Hlutred  by  mmtiy  other  porous  Kubntances,  and  vary  with 
the  deoHity  of  the  charcoal  and  depend  ou  the  way  it  waj*  prepared.  The  jHiwer  which 
eburooiH]  has  of  absorbing  ^aneH,  ljijuid«,  and  many  snbatanceH  in  solutioti,  h»»  refe- 
rence to  this.  TVi«  denHcst  kind  of  ebarcoal  ifi  foroR^d  by  the  action  of  great  heat  on 
sugar.  The  Inatroiie  grt^y  denne  cUaroeial  formed  in  ga«  retortu  in  al«o  of  this  character. 
Tbi-s  denae  cha.rcoal  collects  on  the  internal  wmIIii  of  the  retorts  ttUbjecttMi  to  great  h«at, 
iiiid  is  produced  by  the  vapoiirH  and  ganes  Beparati*d  from  the  beated  coal  in  the  retorta^ 
In  virtue  of  ita  density,  hueh  charcoal  becomes  a  good  conductor  tif  the  galvanic  current 
4ind  approiu!befi^  gra[diite.  It  i»  primipiUly  UHod  in  galvanic  Uitteries^  Coke,  or  llie 
tcharcoal  remaining  from  the  imperfect  combuMtion  of  coid  and  tArry  imbstancea,  ifl  bJso  hni 
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luminous  rays  (clue  to  its  blackness  and  opacity),  and  many  other  quali- 
ties are  familiar  from  everyday  experience."  The  specific  gravity  of 
charcoal  varies  from  1  -4  to  1  -9,  and  that  it  floats  on  water  is  due  to  the 
air  contained  in  its  pores.  If  charcoal  be  reduced  to  a  powder  and 
moistened  with  spirit,  it  immediately  sinks  in  water.  It  is  in/tunble  in 
the  furnace  and  even  at  the  temperature  of  the  oxyhydrogen  flame.  In 
the  heat  generated  by  means  of  a  strong  galvanic  current,  charcoal 
only  softens,  but  does  not  completely  melt,  and  on  cooling  it  is  found 
to  have  undergone  a  complete  change  both  in  properties  and  appearance, 
and  is  more  or  less  transformed  into  graphite.     The  physical  stability 

slightly  poroas,  brilliant,  does  not  soil  or  mark  pai)er,  is  dense,  almost  devoid  of  the  faculty 
of  retaining  liquids  and  solids,  and  does  not  absorb  gases.  The  light  sorts  of  charcoal 
produced  from  charred  wood,  on  the  other  hand,  show  this  absorptive  power  in  a  raosi 
marked  degree.  This  property  is  particularly  developed  in  that  very  fine  and  friable 
charcoal  prepared  by  heating  animal  substances,  such  as  hides  and  bones.  The  abaorp- 
4ive  power  of  charcoal  with  reference  to  gases,  is  similar  to  the  condensation  of  gases  in 
spongy  platinum.  Here  evidently  there  is  a  phenomenon  of  the  adherence  of  gases  to  a 
solid,  precisely  as  liquids  have  the  property  of  adhering  to  various  solids.  One  volume 
of  charcoal  will  absorb  the  following  volumes  of  gases  (charcoal  is  capable  of  absorb- 
ing  an  immense  amount  of  chlorine,  almost  equal  its  own  weight) : — 

Sftus««re  Favre  Heat  emitted  ' 

Boxwocfl  ChurcoA\  Cocoannt  Charcoal  )icr  gram  of  gas. 

NHj  1)0  172  vols.  494     units. 

CO..  85  i\7       „  158         „ 

N..6  40  «9       „  169 

HCl  85  1«5       „  274 

The  quantity  of  gas  absorbed  by  the  charcoal  increases  with  the  pressure,  and  it 
approximately  proportional  to  it.  The  quantity  of  heat  given  out  by  the  absorption 
nearly  approaches  that  set  free  on  dissolving,  or  passing  into  a  liquid  condition. 

Charcoal  absorbs  not  only  gases,  but  a  number  of  other  substances.  For  instance, 
alcohol,  which  contains  disagreeably  smelling  fusel  oil,  on  being  mixed  with  charcoal  or 
filtered  though  it,  loses  the  bulk  of  the  fusel  oil.  The  practice  of  filtering  substances 
through  charcoal  in  order  to  get  rid  of  foreign  matters  is  often  applied  in  chemical  and 
manufacturing  processes.  Oils,  spirits,  variouB  extracts,  and  vegetable  and  other  solu- 
tions containing  an  admixture  of  colouring  or  odorous  matters,  and  also  water,  are 
filtered  through  charcoal  in  order  to  purify  them.  The  bleaching  power  of  charcoal 
may  be  tested  by  using  various  coloured  solutions — such  as  aniline  dyes,  litmus,  &c. 
Charcoal,  which  has  absorbed  one  substance  to  saturation,  is  still  capable  of  absorbing 
certain  other  substances.  The  more  porous  charcoal  is,  the  greater  its  suriace,  and  this 
is  the  reason  why  animal  cliarcoal,  produced  in  a  verj'  finely-divided  state,  especially  by 
heating  bones,  makes  the  best  sort  for  the  purposes  of  absorption.  Bone  charcoal  is 
used  in  large  quantities  in  sugar  works  for  filtering  s\Tups,  and  all  saccliarine  s^>lutions, 
in  order  to  purify  them,  not  only  from  colouring  and  odorous  matter,  but  also  from  lime, 
wliich  is  mixe<l  with  the  syrups  in  order  to  render  them  less  unstable  during  boilingf 
The  absorption  of  lime  by  animal  charcoal  depends,  in  all  probability,  in  a  great  degree 
on  the  mineral  conii>onent  parts  of  l>one  charcoal. 

II  Charcoal  is  a  very  1m<1  conductor  of  heat,  and  therefore  forms  an  excellent  insulator 
or  packing  to  prevent  the  transmission  of  heat.  A  charcoal  lining  is  often  used  in 
crucibles  for  heating  many  substances,  as  it  does  not  melt  and  resist -i  a  far  greater  heat 
than  many  other  substances. 
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of  charcoal  is,  without  doubt,  allied  to  its  chemical  stability.  It  is 
evidently  a  substance  devoid  of  energy,  as  charcoal  is  insoluble  in  all 
known  liquids,  and  at  an  ordinary  temj^eratttre  does  not  combine  tvith 
anything  ;  it  is  an  inactive  substance,  like  nitrogen.*^  But  these 
properties  of  charcoal  change  with  a  rise  of  temperature  ;  thus,  in  contra- 
distinction from  nitrogen,  charcoal,  at  a  high  temperature,  combines, 
directly  with  oxygen.  This  is  well  known,  as  charcoal  bums  in  air. 
Indeed,  not  only  does  oxygen  conibiiie  with  cliarcoal  at  a  red  heaty 
but  sulphui^,  hydrogen,  and  also  iron  and  some  other  metals  do  sc- 
at a  very  high  temperature — that  is,  when  the  molecules  of  the  char- 
coal have  reached  a  state  of  great  instability^ whilst  at  ordinary  tem- 
peratures neither  oxygen,  sulphur,  nor  metals  act  on  charcoal  in  any- 
way. When  burning  in  oxygen,  charcoal  forms  carbonic  anhydride, 
CO2,  whilst  in  the  vapours  of  sulphur  carbon  bisulphide,  CSj,  is: 
formed,  and  wrought  iron,  when  acted  on  by  carbon,  becomes  cast  iron. 
At  the  great  heat  obtained  by  passing  the  galvanic  current  through 
carbon  electrodes,  the  charcoal  combines  with  hydrogen,  forming 
acetylene,  C2H2.  Charcoal  does  not  combine  directly  with  nitrogen,, 
but  in  the  presence  of  metals  and  alkaline  oxides,  nitrogen  is  absorbed, 
forming  a  metallic  cyanide,  as,  for  instance,  potassium  cyanide,  KCN. 
From  these  few  direct  combinations  which  charcoal  is  capable  of 
entering  into,  may  be  derived  those  numerous  carbonaceous  compounds- 
which  enter  into  the  composition  of  plants  and  animals,  and  which  are 
obtained  artificially.  Certain  substances  containing  oxygen  give  up  a 
part  of  it  to  carbon  at  a  relatively  low  temperature.  For  instance, 
nitric  acid  when  boiled  with  charcoal  gives  carbonic  anhydride  and 
nitric  peroxide.  Sulphuric  acid  is  reduced  to  sulphurous  anhydride 
when  heated  with  carbon.  When  heated  to  redness  charcoal  ab- 
sorbs oxygen  from  a  large  number  of  the  oxides.  Even  such  oxides 
as  those  of  sodium  and  potassium,  when  heated  Uy  redness,  yield  their- 
oxygen  to  charcoal,  although  they  do  not  part  with  it  to  hydrogen. 
Only  a  few  of  the  oxides,  like  silica  (oxide  of  silicon),  and  lime  (calcium 
oxide),  resist  the  reducing  action  of  charcoal.  Charcoal  is  capable  of 
changing  its  physical  condition  without  undergoing  any  alteration  in 
its   essential    chemical  properties — that  is,   it  passes  into  isomeric  or 

1*  The  unalterability  of  charcoal  under  the  action  of  atmospheric  influences,  which 
produce  changes  in  the  majority  of  stony  and  metallic  substanceK,  is  often  made  use  of 
in  practice.  For  example,  charcoal  is  freciuently  strewn  in  boundary  ditches.  The 
surface  of  wood  is  often  charred  to  render  it  durable  in  those  places  where  the  soil  is 
damp,  and  wood  itself  would  soon  rot.  The  chambers  (or  in  scmie  works  towers)  through 
which  Jicids  pass  (for  example,  sulphuric  and  hydrochloric)  in  order  to  brin^'  them  into 
contact  with  gases  or  liquids,  are  filled  with  charcoal  or  coke,  b(?cause,  at  ordinary  tem- 
peratures, it  resists  the  action  of  even  the  most  energetic  acids. 
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allotro])ic  forms.  The  two  particular  forms  in  which  carbon  appears 
are  the  dianioml  and  graphite.  The  identity  of  the  composition  of  these 
with  charcoal  is  proved  by  burning  an  equal  quantity  of  all  three 
separately  in  oxygen  (at  a  great  heat),  when  each  gives  the  same 
quantity  of  carl)onic  anhydride — namely,  12  parts  of  charcoal,  diamond, 
or  graphite  in  a  pure  state,  yield  on  burning  44  parts  by  weight  of 
carbonic  anhydride.  The  physical  properties  present  a  marked  con- 
trast ;  the  densest  sorts  of  charcoal  have  a  density  of  only  1  '9,  whilst 
the  density  of  graphite  is  about  2-3,  and  that  of  the  diamond  3*5.  A 
great  many  other  properties  depend  on  the  density,  for  instance,  com  • 
bustibility.  The  lighter  charcoal  is,  the  more  easily  it  bums  ;  graphite 
burns  with  considerable  difficulty  even  in  oxygen,  and  the  diamond 
bums  only  in  oxygen  and  at  a  very  high  temperature.  On  burning, 
charcoal,  the  diamond,  and  graphite  develop  different  quantities  of  heat. 
One  part  by  weight  of  wood  charcoal  converted  by  burning  into 
carbonic  anhydride  develops  8080  heat  units  ;  dense  charcoal 
separated  in  gas  retorts  develops  8050  heat  units ;  natural  graphite, 
7800  heat  units  ;  and  the  diamond,  7770.  The  greater  the  density 
the  less  the  heat  evolved  by  the  combustion  of  the  carbon.*^ 

By  means  of  intense  heat  charcoal  may  be  transformed  into 
graphite.  If  a  charcoal  rod  4mm.  in  diameter  and  5mm.  long  be  enclosed 
in  an  exhausted  receiver  and  the  current  from  600  Bunsen's  elements, 
placed  in  parallel  series  of  100,  be  passed  through  it,  the  charcoal 
becomes  strongly  incandescent,  partially  volatilises,  and  is  deposited  in 
the  form  of  graphite.  If  sugar  be  placed  in  a  charcoal  crucible  and 
a  powerful  galvanic  current  passed  through  it,  it  is  baked  into  a  mass 
similar  to  graphite.  If  charcoal  be  mixed  with  wrought  iron  and 
heated,  cast  iron  is  formed,  which  absorbs  as  much  as  five  per  cent,  of 
charcoal.  If  molten  cast  iron  be  suddenly  chilled,  the  carbon  remains 
in  combination  with  the  iron,  forming  so  called  white  cast  iron  ;  but  if 
the  cooling  proceeds  slowly  the  greater  part  of  the  carbon  separates 
in  the  forai  of  graphite,  and  if  such  cast  iron  (so  called  grey  cast 
iron)  be  dissolved  in  acid,  the  carbon  remains  in  the  form  of  graphite. 
Graphite  is  met  with  in  nature,  sometimes  in  the  form  of  large 
compact  masses,  sometimes  it  permeates  rocky  formations  like  the 
schists  or  slates,  and  in  fact  is  met  with  in  those  places  which,  in  all 

'5  When  subjected  to  prcHsure,  charcoal  losen  heat,  hence  the  densest  form  stands  to 
the  less  dense  as  a  Holid  to  a  liquid,  or  as  a  compound  to  an  element.  From  this  the 
conclusion  might  be  drawn,  that  the  molecules  of  graphite  are  more  complex  than  those 
of  charcoal,  and  thoHe  of  the  diamond  still  more  so.  The  specific  heat  shows  the  same 
thing,  because,  as  we  hIuiII  see  on  further  exposition,  the  complexity  of  a  molecule  leada 
to  a  diminution  of  the  sj>ecific  heat.  At  ordinary  temperatures,  the  specific  heat  of 
charcoal  is  0'24,  graphite  0*20,  the  diamond  0147. 
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probability,  were  submitted  to  the  action  of  subterranean  heat^^  The 
graphite  in  cast  iron,  and  sometimes  also  natural  graphite,  occasionally 
appears  in  a  crystalline  form  in  the  shape  of  six-sided  plates,  but  more 
often  it  occurs  as  a  compact  amorphous  mass  having  the  characteristic 
properties  of  the  familiar  black-lead  pencil.  ^'^ 

The  diamond  is  a  crystalline  and  transparent  form  of  carbon.  It 
crystallises  in  octahedra,  dodecahedra,  cubes,  and  other  forms  of  the 
regular  system.*^  The  efforts  which  have  been  made  to  produce 
diamonds  artificially,  although  they  have  not  been  absolutely  fruitless, 
have  not  as  yet  led  to  the  production  of  large-sized  crystals,  because 
those  means  by  which  crystals  are  generally  formed  are  inapplicable 
to  carbon.  Indeed,  carbon  in  all  its  forms  being  insoluble  and  infu- 
sible does  not  pass  into  a  liquid  condition  by  means  of  which  crystalli- 

^^  There  are  places  where  anthracite  gradually  changes  into  graphite,  as  the 
strata  sink.  I  myself  had  the  opportunity  of  observing  this  gradual  transformation  in 
the  valley  of  Aosta,  near  Mont  Blanc,  not  far  from  Courmayeur,  near  the  warm  mineral 
waters. 

'^^  Pencils  are  made  of  graphite  worked  up  into  a  homogeneous  mass  by  disintegra- 
ting, powdering,  and  cleansing  it  from  earthy  impurities ;  the  best  kinds  are  mode  of 
completely  homogeneous  graphite  sawn  up  into  the  requisite  sticks.  Graphite  is  found 
in  many  places.  In  Russia  the  so-called  AliberofiFsky  graphite  is  particularly  renowned  ; 
it  is  found  in  the  Altai  mountains  near  the  Chinese  frontier ;  in  many  places  in  Finland 
and  likewise  on  the  banks  of  the  Little  Tungouska,  Sidoroff  also  found  a  considerable 
quantity  of  graphite. 

Graphite,  like  most  forms  of  charcoal,  still  contains  a  certain  quantity  of  hydrogen, 
oxygen,  and  ash,  so  that  in  its  natural  state  it  does  not  contain  more  tlian  98  p.c.  of 
carbon. 

In  practice  graphite  is  purified  simply  by  washing  it  when  in  a  finely-ground  state, 
by  which  means  the  bulk  of  the  earthy  matter  may  be  separated.  The  following  pro- 
cess,  proposed  by  Brodie,  consists  in  mixing  the  powdered  grapliite  with  jL  p^rt  of  its 
weight  of  potassium  chlorate.  The  mixture  is  then  heated  with  twice  its  weight  of  strong 
sulphuric  acid  until  no  more  odoriferous  gases  are  emitted;  on  cooling,  the  mixture  is 
throwi>  into  water  and  washed ;  the  graphite  is  then  dried  and  heated  to  a  red  heat ; 
after  this  it  considerably  shrinks  in  volume,  and  turns  into  a  very  line  powder,  which  is 
then  washed.  When  mixed  with  clay,  graphite  is  used  for  making  crucibles  and  pots 
for  melting  metals.  By  acting  on  graphite  several  times  with  a  mixture  of  potassium 
chlorate  and  nitric  acid  heated  up  to  00°,  Brodie  transformed  it  into  a  yellow  insoluble 
acid  substance  which  he  called  graphitic  acid,  C11H4O5.  Tlie  diamond  remains  unchanged 
when  subjected  to  this  treatment,  whilst  amorphous  charcoal  completely  oxidises. 
Availing  himself  of  this  possibility  of  distinguishing  graphite  from  the  diamond  or  amor- 
phous charcoal,  Berthelot  showed  that  when  compounds  of  carbon  and  hydrogen  are 
decomposed  by  heat,  amori)houK  charcoal  is  mainly  formed,  whilst  when  compounds  of 
carbon  with  chlorine,  sulj)hur,  and  boron  are  decomposed,  graj)hite  is  principally 
depositc>d. 

*®  Diamonds  are  sometimes  found  in  the  shape  of  small  balls,  and  in  that  case  it  is 
impossible  to  cut  them,  because  directly  the  surface  is  ground  or  broken  they  fall  into 
minute  pieces.  Sometimes  minute  diamond  crystals  form  a  dense  mass  like  sugar,  an<l 
this  is  generally  reduced  to  diamond  powder  and  used  for  grinding.  Some  known 
varieties  of  the  diamond  are  almost  opaque  and  of  a  black  colour.  Such  diamonds  are 
as  hard  as  the  ordinary  ones,  and  are  used  for  polishing  diamonds  and  other  precious 
stoncB,  and  also  for  rock  boring  and  tunnelling. 
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sation  could  take  place.  Diamonds  have  several  times  l^een  success- 
fully produced  in  the  shape  of  minute  microscopic  crystals  having  the 
appearance  of  a  black  powder,  but  when  viewed  under  the  microscope 
they  appeared  transparent,  and  possessed  that  hardness  which  is  the 
peculiar  characteristic  of  the  diamond.  This  diamond  powder  is  de- 
posited on  the  negative  electrode,  when  a  weak  galvanic  current  is 
passed  through  liquid  chloride  of  carbon.'" 

Judging  from  the  fact  that  carbon  forms  a  number  of  gaseous  (car- 
bonic oxide,  carbonic  anliydride,  methane,  ethylene,  acetylene,  *fec.)  and 
volatile  (such  are,  for  instance,  many  hydrocarbons  and  their  most  simple 
derivatives)  substances,  and  also  because  the  atomic  weight  of  carbon, 
C=12,  approaches  that  of  nitrogen,  N  =  14,  and  that  of  oxygen,  0=16, 
and  the  compounds  CO  (carbonic  oxide)  and  N^C^  (cyanogen)  are  gases, 
it  must  be  argued  that  if  carbon  formed  the  molecule  Cj  like  No  and  Oj, 
it  would  be  a  gas.  And  as  through  polymerism,  or  the  mutual  combina- 
tion of  molecules  (as  O^  passes  into  O3  or  NOj  into  N^O^)  the  tempera- 
tures of  ebullition  and  fusion  rise  (which  is  particularly  clearly  proved 
with  the  hydrocarbons  of  the  CnH.^„  series),  it  ought  to  be  considered 
t^iot  the  niolecicfes  of  charcoal^  (jraphite^  and  the  diamoiid  are  very  com- 
plex, seeing  that  they  are  not  soluble,  not  volatile,  and  not  fusible. 
The  aptitude  which  the  atoms  of  carbon  show  for  combining  together 
and  forming  complex  molecules  appears  in  all  carbon  compounds. 
Among  the  volatile  compounds  of  carbon  many  are  well  known,  the 
molecules  of  which  contain  Cjj  .  .  .  C,o  .  .  .  C20  •  .  •  C30,  <kc.,  in 
general  C,„  where  n  may  be  very  large,  and  in  none  of  the  other  ele- 
ments is  this  faculty  of  complexity  so  developed  as  in  carbon.*®     Up 

*"  Hannay,  in  1H80,  ol>tained  diamondH  by  heating  a  mixture  of  hea^-y  liquid 
hydrocarboiiH  (paraffin  oilH)  with  nuigneeium  in  a  thick  iron  tube.  This  inveHtigation 
was,  however,  not  repeated.  DiamondH  are  found  in  a  particular  dense  rock,  known  by 
the  name  of  itacolumnite,  and  are  dug  out  of  the  debris  produced  by  the  destruction 
of  the  itacolumnite  by  water.  When  the  (Ubris  is  washed  the  diamonds  remain  behind; 
they  are  principally  found  in  Brazil,  in  the  provinces  of  Rio  and  Bahia,  and  at  the  Cape 
of  Good  HoiMj.  The  debris  gives  the  black  or  amorphous  diamond,  carbonado,  and  the 
ordinary  colourless  or  yellow  translucent  diamond.  As  the  diamond  possesses  a  very 
marked  cleavage,  the  first  operation  consists  in  splitting  it,  and  then  roughly  and  fineljr 
polishing  it  with  diamond  powder.  It  is  very  remarkable  that  Professors  P.  A.  Latchinoff 
and  Erofi'eflf  found  (IKH?)  diamond  powder  in  a  meteoric  stone  which  fell  in  the  govern- 
ment of  Penza,  in  the  district  of  Krasnoslobo<lsk,  near  the  settlement  of  Novo  Urei 
(Sept.  10,  1MH(»).  Up  to  that  time  charcoal  and  graphite  (a  special  variety,  cliftonite)  had 
been  found  in  meteorites  and  the  diamond  only  conjectured  to  be  therein.  The  Novo 
Urei  meteorite  was  composed  of  siliceous  matter  and  metallic  iron  (with  nickel),  like 
many  other  meteorites. 

'*  The  existence  of  a  molecule  S,}  is  known,  and  it  must  be  held  that  this  accounts 
for  the  formation  of  hydrogen  persulphide  H.^^Sj.  Phosphorus  appears  in  the  molecule 
P4  and  gives  PiH.^.  WTien  expounding  the  data  on  specific  heat  we  shall  have  occasion 
to  return  to  the  question  of  the  complexity  of  the  carbon  molecule. 
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to  the  present  time  there  are  no  grounds  for  determining  the  degree 
of  polymerism  cf  the  charcoal,  graphite,  or  diamond  molecules,  and  it 
can  only  be  supposed  that  they  contain  C„  where  n  is  a  large  quantity. 
Therefore  charcoal  and  those  complex  non- volatile  organic  substances 
which  represent  the  gradual  transitions  to  charcoal  ^***  and  which  form 
the  principal  masses  of  the  organisms,  contain  a  store  or  accumulation 
of  internal  power  in  the  form  of  the  energy  binding  the  atoms  into 
complex  molecules.  When  charcoal  or  complex  compounds  of  carbon 
bum,  the  energy  of  the  carbon  and  oxygen  is  turned  into  heat,  and 
this  fact  is  taken  advantage  of  at  every  turn  for  the  generation  of  heat 
from  fuel.*® 

No  other  two  elements  are  capable  of  combining  together  in 
such  variety  as  carbon  and  hydrogen.  The  hydrocarbons  of  the 
CJH^m  series  in  many  cases  widely  differ  from  each  other,  although 
they  have  some  properties  in  common.  All  hydrocarbons,  whether 
gaseous,  liquid,  or  solid,  are  combustible  substances  sparingly  soluble 
or  insoluble  in  water.  The  liquefied  gaseous  hydrocarbons,  also  those 
which  are  liquid  at  ordinary  temperatures,  and  those  solid  hydrocarbons 
which  have  been  liquefied  by  fusion,  have  the  appearance  and  property" 
of  oily  liquids,  more  or  less  viscid  or  tluid.*'     The  solid   hydrocarbons 

*®  The  liydrociirboiiH,  i)oor  in  hy(lro;<en  (far  from  the  limit)  and  containing  numy 
atoms  of  carbon,  like  clirysene  and  earbopetrocene,  tVrc,  C„H2,,;-m)  iire  solids,  and  It-ss 
fusible  aH  //  and  7n  increase.  They  present  a  marked  approa(th  to  the  properties  of  flie 
diamond.  And  in  pro])ortion  to  the  diminution  of  the  water  in  the  carbohydrates 
CiiH.^mOw — for  example,  in  the  humic  compounds  (Note  5) — the  transition  of  complex 
organic  substances  to  charcoal  is  very  evident.  That  residue  resemljlinjj;  charcoal  and 
graphite  which  is  obtained  by  the  separaticm  (by  means  of  copper  sulphate  and  sodium 
chloride)  of  inni  from  white  cast-iron  containinj^  cairbon,  chemically  combined  with  the 
iron,  also  seems,  erti>ecially  after  the  resear<hes  of  G.  A.  Zabou<lsky,  to  be  a  complex 
Babstance  containing  Ci.,>Ho03.  The  endeavours  which  have  been  directed  towards 
determining  the  measure  of  c(miplexity  of  the  molecules  of  charcoal,  j^naphite,  and  the 
diamond  will  probably  at  some  periwl  lead  to  the  solution  of  this  problem,  and  will  nn)8t 
likely  prove  that  the  various  forms  of  charcoal,  graj)hitH,  and  the  diamond  contain  mole- 
cules of  different  and  very  considerable  complexity.  The  constancy  of  the  grouping  of 
benzene,  CcHc,  and  the  wide  diffusion  and  facility  of  fornjation  of  the  carbohydrates, 
containing  Ctj  (for  example,  celluh)se,  C^HioOi,  glucose,  CtiHi.,.0,;),giv(?  reason  for  thinking 
that  the  group  Cq  is  the  first  and  simplest  of  those  possible  to  free  carbon,  and  it  may 
be  hoped  that  sonie  time  or  other  it  nniy  be  possible  to  get  charcoal  in  this  group.  I*er- 
hape  in  the  dianumd  there  may  be  found  such  a  relati(m  between  the  atoms  as  in  the 
benzene  group,  and  in  charcoal  such  as  in  the  carbohydrates. 

•0  When  charcoal  burns,  the  comi)lex  molecule  C'„  is  resoUed  into  the  simple  mole- 
cules wCOj,  and  therefore  part  of  the  heat — probably  no  small  auiount— is  exi)ended  in 
the  destruction  of  the  complex  molecule  d.  Perhaps  by  burning  the  nu)st  complex 
substances,  which  are  the  poorest  as  regards  hydrogen,  it  may  bt;  i>ossible  to  form  an 
idea  of  the  work  required  to  split  up  C„  into  separate  atoms. 

^1  The  viscosity,  or  the  degree  of  mobility,  of  liquids  is  determined  by  their  internal 
friction.  It  is  estimated  by  passing  the  liquids  through  narrow  (capillary)  tubes,  the 
mobile  liquids  passing  through  with  greater  facility  and  si)eed  than  the  viscid  ones.    The 
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more  or  less  resemble  wax  in  their  properties,  although  ordinary  oil* 
and  wax  generally  contain  oxygen  in  addition  to  carbon  and  hydrogen, 
but  in  relatively  small  proportion.  There  are  also  a  few  hydrocarbons 
which  have  the  appearance  of  tar — as,  for  instance,  metacinnamene  and 
gutta-percha.  Those  liquid  hydrocarbons  which  Ixjil  at  a  high  tempera- 
ture are  like  oils,  and  those  which  have  a  low  boiling  point  resemble 
ether,  whilst  the  gaseous  hydrocarbons  in  many  of  their  properties  are 
akin  to  hydrogen.  All  this  tends  to  show  that,  in  hydrocarbons  phy- 
sically considered,  the  properties  of  solid  non- volatile  charcoal  are 
strongly  modified  and  hidden,  whilst  those  of  the  hydrogen  predominate. 
All  hydrocarbons  are  neutral  substances  (neither  l)asic  nor  acid),  but 
under  certain  conditions  they  enter  into  peculiar  reactions.  It  has 
been  seen  in  those  hydrogen  compounds  which  have  l>een  already  con- 
sidered (water,  nitric  acid,  ammonia)  that  the  hydrogen  in  almost  all 
cases  enters  into  reaction,  being  displaced  by  metals.  The  hydrogen  of 
the  hydrocarbons,  it  may  be  said,  has  no  metallic  character — that  is  to 
say,  it  is  not  directly  ^^  displaced  by  metals,  even  by  such  as  sodium  and 

viscosity  varies  with  the  tem])erature  an<1  nature  of  the  liquidrt,  and,  in  the  case  of  hoIu- 
tions,  c)ian}<es  with  the  amount  of  the  subrttance  dissolved,  but  is  not  proportional  to  it. 
So  that,  for  example,  with  alcohol  at  20  '  the  viscosity  will  be  ti'.),  and  for  a  54)  p.c.  solu- 
tion IGO,  the  viscoHity  of  water  l)eing  taken  as  100.  The  volume  of  the  liquid  which  passes 
through  by  exp^'riment  (Poiseuillel  jind  theory  (Stokes)  is  projwrtional  to  the  time, 
the  pressure,  and  the  fourth  |K>wer  of  the  diameter  of  the  (capillary)  tube,  and  inversely 
proportional  to  the  length  of  the  tul>e ;  this  renders  it  posaible  to  form  comparative  esti- 
mates of  the  crx>fiicients  of  internal  friction  and  viscosity. 

As  the  complexity  of  the  molecules  of  hydrocarl>onri  and  their  derivatives  increases 
by  the  addition  of  carbon  (or  CH.^i,  so  does  the  degree  of  viscosity  also  rise.  The  exten- 
sive  series  of  investigations  referring  to  this  subjei-t  still  await  the  necessary  generalisatioo. 
That  connection  which  (already  jwtrtly  ol>«ervefl)  ought  to  exist  l>etween  the  visconity 
and  the  other  physical  and  chemical  pr(i|>erties,  forces  us  to  conclude  that  the  magnitude 
of  internal  friction  plays  an  imp^^rtant  part  in  molecular  mechanics.  In  investigating 
organic  compounds  and  solutions,  similar  researchfs  ought  tf)  stand  foremost.  Many 
observations  have  already  been  made,  but  not  much  lias  yet  l>een  done  with  them ;  the 
bare  facts  and  some  mechanical  flata  f  xist,  but  their  relation  to  molecular  mechanics  luui 
not  been  cleared  up  in  the  reriaisite  degree.  It  has  alreafly  \te*'.n  seen  from  existing  dat* 
that  the  viscosity  at  the  temperature  of  the  abs<jlute  boiling  fK>int  l>ecomes  as  small  as 
in  gases. 

'^  In  a  nuniWr  of  hydrocarlxms  and  their  derivatives  such  a  Hnl>stitution  of  metals 
for  the  hydr«>gen  may  1m:  arrive*!  at  by  indirect  means.  The  pro|>erty  sly^wn  by  a<:etylene, 
C^Hqj  ami  its  analrigues  of  fr>rming  metallic  derivatives  is  in  this  resf>ect  fMrticularly 
characteristic.  .Judging  from  the  fa^:t  that  carUm  is  an  acid  element  fthat  is,  gives  an 
acid  anhydride  with  oxygen i,  but  compiiratively  slightly  acid  'l^er.anse  carUmic  acid  is 
not  at  all  an  energetic  acid  ;  (:omiM>unds  of  chlorine  and  carUm,  even  CCl,,  are  not 
decorap^«>e*l  by  water  as  is  the  case  with  plujsphorus  chloride,  and  even  silicic  chloride 
or  Vioric  chloride,  although  they  orresjirmd  with  acids  of  but  little  energy;,  one  might 
expect  to  find  in  the  hydn^tgen  of  hyilrocarlKms  this  fairulty  for  Ijeing  sulMituterl  by 
metals.  The  melallir  coni|»ounds  whirh  cr^rre^jiond  with  hydrrx:arly>ns  are  known  under 
the  name  of  orgaiu^-metalli*:  c-rimfKiund-*.  Such,  for  in^tamre,  i-*  zinr:  »*thyl,  Zn/^C^Hj),, 
which  corr»f**jjond.i  with  etliyl  hydride  or  etliane,  C^H<,  where  two  atoms  tA  hydrrj^en 
have  been  exchange*!  for  one  r>f  zinc. 
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potassium.  On  the  application  of  more  or  less  heat,  all  hydrocarbons 
decompose,*^  forming  charcoal  and  hydrogen.  The  majority  of  hydro- 
carbons do  not  combine  with  the  oxygen  of  the  air  or  oxidise  at  ordi- 
nary temperatures,  but  under  tlie  action  of  nitric  acid  and  many  other 
oxidising  substances  most  of  them  are  subject  to  oxidation,  in  which 
either  a  portion  of  the  hydrogen  and  carl>on  is  separated,  or  the  oxygen 
enters  into  combination,  or  else  the  elements  of  hydrogen  peroxide  enter 
into  combination  with  the  hydrocarbon. ^^  When  heated  in  air,  hydro- 
carbons burn,  and,  according  to  the  amount  of  carbon  they  contain, 
their  combustion  is  attended  with  a  separation  of  soot — that  is,  tinely- 
divided  charcoal — which  imparts  great  brilliancy  to  the  flame,  and  on 
this  account  many  of  them  are  used  for  the  purposes  of  illumination — 
as,  for  instance,  kerosene,  coal  gas,  oil  of  turpentine.  As  hydrocarbons 
'contain  reducing  elements  (that  is,  those  capable  of  combining  with  oxy- 
gen) they  often  act  as  reducing  agents— as,  for  instance,  when  heated 
with  oxide  of  copper,  they  burn,  forming  carbonic  anhydride  and  water, 
and  leave  metallic  copper.  According  to  Gerhar-dt,  all  hydrocarbons, 
contain  an  even  number  of  hydrogen  atoms.  Therefore,  the  general 
formula  for  all  hydrocarbons  is  C„H2„,  where  ii  and  m  are  whole 
numbers.  This  fact  is  known  as  t/ie  latv  of  even  numbers.  Hence,  the 
simplest  possible  hydrocarbons  ought  to  be  :  CH2,  CH4,  CH^  .  .  . 
CjH.j,  C2H4,  CaHj,,  C.^Hj,  .  .  .  but  all  of  thoni  are  not  in  existence,  as. 
they  are  subject  to  certain  limitations. 

Some  of  the  hydrocarbons  are  capable  of  combination,  whilst  others 
do  not  show  that  power.  Those  which  contain  less  hydrogen  belong  to 
the  former  category,  and  those  which,  for  a  given  (]uantity  of  carbon > 
contain  the  maximum  amount  of  hydrogen  belong  to  the  latter.  The 
composition  of  those  last  mentioned  is  expresse<l  by  the  general  formula 
C„H2rt  2-  These  so-called  saturated  h ydrocnrbons  are  incapable 
of  combination.'^*'     Judging  from  this,  the  hydrocarbons  CH,;,  C.^H^^, 

*5  GaneouH  and  volatile  hydnx^arbons  decompose,  when  ])assed  tlirouf,'h  a  heated 
tube.  When  hydrocarbonw  are  decompoHed  by  heating,  the  i)rimary  i)n)dutta  are 
generally  other  more  stable  hydrocarl)ons,  amonjr  which  are  acetylene,  C..!!.,,,  benzene, 
C^He,  naphthalene,  Cx,>Hs,  itc. 

"  Wagner  (1HH8)  showed  that  when  unsaturated  hydrocarbons  are  shaken  with  a 
weak  (1  p.c.)  solution  of  jxitassium  pennanganate,KMnOj,  at  ordinary  temperatures,  they 
form  glycols— for  example,  C.^H^  yields  C^H^O.^. 

**  My  article  on  this  subject  appeared  in  the  journal  of  the  St.  Petersburj,'  Acatlemy 
of  Sciences  in  18(51.  Up  to  that  time,  although  many  additive  combinations  with  hydro- 
carbons and  their  derivatives  were  known,  they  had  not  been  generalised,  and  were  even 
continually  quote<l  as  cases  of  substitution.  Thus  the  combination  of  ethylene,  C.Hi, 
with  chlorine,  Cl.^,  was  often  regarded  as  a  f(jrmation  of  the  prcMlucts  of  the  substitution 
of  C.^HjCl  and  HCl,  which  it  was  supimsed  were  held  together  as  the  water  of  i-rystallisa- 
tion  is  in  salts.  Even  earlier  than  i\\\yi  (l^ol.  Journal  of  tlir  PctrotUkij  Acadeimj)  I 
considered  similar  cases  as  true  compounds.     In  giMieral,  acconling  to  the  law  of  limits^ 
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CsHjo,  ^c.  .  .  do  not  exist.  Thr>se  containing  the  maximum  amount  of 
hydrogen  will  W  represented  by  CH^  (m=1,  2w4-2=4),  C^H^  (n=2), 
CjHg  (n=3),  C^H,(.,  «tc.  This  may  be  termed  tlie  law  of  liinits. 
Placing  this  in  juxtaposition  with  the  law  of  even  numbers,  it  is  easy 
to  perceive  that  the  possible  hydrocarlx)ns  can  be  ranged  in  series,  the 
terms  of  which  may  Ije  expressed  by  the  general  formobe  C.Hj,^^, 
C.Hj.,  C^H^... ,  Arc.  .  .  Tliose  hydrocarlx)ns  which  belong  to  any  oni^ 
of  the  series  expressible  by  a  general  formula  are  said  to  be  hoinoUj^f/us 
with  one  another.  Thus,  the  hydrocarlx)ns  CH,,  C^H^^,  C^H,,  C^H.i^, 
&c.  .  .  are  memliers  of  the  limiting  (saturate^l)  homologous  series. 
C^Hj.^:^.  Tliat  is.  the  difference  Ijetween  the  memVjers  of  the  series  is 
CH^.**  Not  only  the  composition,  but  also  the  prfiperties.  of  the  mem- 
Ijers  of  a  series  tend  to  classificatirm  in  one  group.  For  instance,  the 
members  of  the  series  C^H^^.^  are  not  ca[iable  of  forming  additive 
compounds,  whilst  thw^e  of  the  series  C\H„  are  capable  fsi  combining 
with  chlorine,  sulphuric  anhydride.  A'c.  :  awl  the  memK*ers  of  the 
C,Hj^_<j  group,  belonging  Ut  the  coal  tar  Keries.  are  a<rted  on  by  nitric 
acid,  and  have  other  properties  in  common.  The  physical  properties 
of  the  members  of  a  given  homologous  series  vary  in  such  a  manner,  the 
boiling  point  generally  i  ises  and  the  internal  friction  increases  as  n  iji- 
creases^— tliat  is.  with  an  increase  in  the  atomic  weight :  the  Kj*cifie 
gravity  also  successively  changes  as  n  becomes  greater.** 

an  onsAtormted  hylr'^.-MTlMjJi.  '  t  it«  d^vul:\*:.  fm  vjmhiumt^  vith  rX^  jdv<>-  «  colMfUUDeb 
which  i*  MfttuTA^"!  oT  *ri-^  iipf*r'Mu:hiiJsr  th*  limit.  Tb*  mr^-AijCAtious  of  FrmuklMxA  wish 
mADT  oivax*o-i£*etAlI.i  f.*tiiittA3iid*  ci^rarlr  fhfjmted  the  limit  iu  tb«  cibi)«  of  zuetailk:  txitm- 
poondii.  which  w*  •ijjj  cjfi^tAi.tlj  r»rf*fT  Vj  latter  oij. 

*'■'  The  cotMjfjiij^ji  iji  Lomo>.«irv  La-  hcieii  a{«plMid  by  0«r>iardt  Uj  aJl  orpank  eccD- 
pcmnd-  iu  hi*  rla**,':iu  work.  'Tr»:t-^  de  C^huim:  Orgamiqoe.*  fiiu««L«d  in  l-^  4  roia.  ^ 
where  he  dividt»d  a.^  'jncari*'.  ::jsuy^/aj*'i-*  int/^  /*Mtttf  azid  ar'^wiofi-c.  wlikh  i»  in  i^iaafite 
fclill  adberbd  v:-  a;  tr>r  j/r*--f:.t  Lrr*^.  aJth^.#Ojeh  the  hrfter  are  jufjn  </ften  ca2J**i  beuxeat 
derivaliit?*- on  a/'-'-^it  '/  tl>^  far.-*,  l.-^a:  ILekale,  ii.  hi-  Jjeaut:fal  inienaijfatioiii*- on  the 
f^troctare  <A  uroruhXy:  *'jt:i^>'AjzA'^.  ^L^/veid  tike  liuk  whit-h  unilA?*  thexx*  tul  w:th  iLi; 
•  nocLeao  '  heiiaei**-.  C  .,K-^ 

'^  Thi»  I*'  a.»*i7%  trxM-  f"/  f-;.'i/'>-any.'r*.  l-trt  f'*  dftTiTatire^*  tA  the  l'^«-  hcmcH 
loffue^  :t  ;»-  a  iij*t,ii*e*  fl.f  erei.: :  J'»r  iji*cujj».ie-  iii  ti^  Wftvr*  '>J  aalnrattid  itlcjiKwa 
C\H.j«^;  OH  .  n.'^ij  'I  '•-  »*r  'wAii.i  vitV-r. H  OH  .  w}iw.-h  Im^Hm mx  l*Mr.  atid  wh'jae  t^Kxafic 
gravitv  as  1>^  •/V>?35;  ah^i.  /.I.  »'>.*3  •jwrrt  CH^.  OH  .  «hith  U^ii*  at  W  .  aijd  at  IS' 
hA/k  a  vyiu.'rL:  ifTW  :\}  'rT5^»4  ;  viiei.  n  3L  '/rdjJMxr  al«.*>hr^  (Sji„OH  .  hr.KiJU£  al  T**', 
*pM'iiic  pra"»  .t}  »*  IC  '.'TSW.,  i,j>o  witL  funlt^rr  :tM.-nM.^  *A  CH^  the  v^tt/cibi'  jr-nrrtr  ixr 
croaue^.  ¥'jt  t:**-  /;y;'-..»  *.,.H.j*  *jH  ■.  tiie  ph#n^ju«ei<'XD  '/  a  wnrjar  kiud  i*  «ul;  lirt** 
striking: :  at  tr>«t  *.:*►  te:jL.}*-ratUi»'  '/  the  JxrjjJtJif  f^^^xnaztd  the  oetia.'ty  -i»».T<!saae.  ax«d  tMn 
f«r  hi^i*er  iti'.v*r  •  .•li.;^**'?.  •ij*»r:i,»>-r-  "f  the  *i»T*e»  o.iii.jjiaii.  The  nsav.o*  fw  tiu*  pihtaKr 
iZMrxtoc:.  ^t  .k  f'M'M'- '.    iL'j*.t   '^   jf^i*/'..:  !'.»r   :i,  th^  ..•jiSuerj**  aud  jiT'jji*m*»?».  »/  wnAer.  aaid 

that    *tr'.C:i.'    fcf^  '..  •  '     V  :,.••.     »'-•?,/  rj*<  a *»»-Jv    'j}03'jr^*rt.    aj^d   «,'!  vy esL; ,  a»1.*TXi-. s»e»-    Uiax-T    cf 

th*-  ex'^-j*: .'.»ufc_  :••  »»!•-•-. >■♦  m*  »«.•>-•    '.  i-a^.  J. 

*  A-  i'jf  *-z.t.w,'^  •  r'.e  **.rv'»V»^'J  H^r.^*  '/f  J>or'^*rh'.»Xj»  f,  ,H-,  ^^  ll»e  *'-«w«C 
OMtLUtfr      /■       '.'      i:  ■J»'*     l^    luOrJ.    1^    X-ACiVif*-::    H...     k    ^M     wiljf.'L       f-<-.    Ufi'-ia    —  iirt*'       i* 

hqmf^t^  w/jL,  j^'j*r^:  0  Sx'v;^ t    auo  wf>-„   u    ■  iv^ukO  mUi1«  Ima  d'.mhtiew-  a  r*sr}   tauikU 
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Many  of  the  hydrocarbons  which  are  met  with  in  nature  are  the 
products  of  organisms,  and  do  not  belong  to  the  mineral  kingdom.  A 
still  greater  number  are  produced  artificially.  These  are  formed  by  what 
is  termed  the  combination  of  residues.  For  instance,  if  a  mixture  of 
the  vapours  of  hydrogen  sulphide  and  carbon  bisulphide  be  passed 
through  a  tube  in  which  copper  is  heated,  this  latter  absorbs  the  sul- 
phur from  both  the  compounds,  and  the  liberated  carbon  and  hydrogen 
•combine  to  form  a  hydrocarbon,  methane.  If  a  mixture  of  bronio- 
benzene,  CgHjEr,  and  ethyl  bromide,  C.2H5Br,  be  heated  with  metallic 
«odium,  the  sodium  combines  with  the  bromine  of  both  compounds, 
forming  sodium  bromide.  From  the  first  combination  the  group  CgH^ 
remains,  and  from  the  second  C2H5.  Having  an  odd  number  of  hydrogen 
atoms,  they  in  virtue  of  the  law  of  even  numbers  cannot  exist  alone, 
therefore  they  combine  together  forming  the  compound  C^H.^.CaHj  or 
CgH|o  (ethylbenzene).  Hydrocarbons  are  also  produced  by  the  breaking 
up  of  more  complex  organic  or  hydrocarbon  compounds,  especially 
by  heating — that  is,  by  dry  distillation.  For  instance,  gum- benzoin 
•contains  an  acid  called  benzoic  acid,  CyHgOa,  the  vapours  of  which, 
when  passed  through  a  heated  tube,  split  up  into  carbonic  anhydride, 
CO2,  and  benzene,  CgHg.  Carbon  and  hydrogen  only  unit«  directly  in 
one  degree  of  combination— namely,  to  form  acetylene,  having  the  com- 
position C2H.2,  which,  as  compared  with  other  iiydrocarhons,  exhil)its 
s,  very  great  constancy  at  a  high  tempeniture.^'*. 

density.  Where  ;*  -^1,  2,  8,  the  hydrocarboiiH  CH,,  C^.H^j,  C-H^  areguses,  more  and  more 
readily  liquefiable.  The  temperature  of  the  absolute  boiling  point  for  ('H,=  — 100  ',  and 
for  ethane  CjHg,  and  in  the  higher  mend>er8  it  rises.  The  hydrocarbon  C4H,,„  already 
liquefies  about  0\  C5H1.2  boils  at  from  +W^  (Livt)ffj  to  37-',  CoH,!  from  58^  to  78°,  iVrc. 
The  specific  gravities  in  a  licpiid  state  at  irP  are  :  — 

C,Hi,  C,3H,4  C:H,6  C,oH,,  C^H,, 

(»•(')«  00(5  0-70  0-75  UH.> 

^  If,  at  the  ordinairy  temperature  (assuming  therefore  that  the  watrr  fornu^d  will  be 
in  a  liquid  state),  a  gram  molecule  (2(5  grams)  of  acetylene,  CoHo,  be  burnt,  2510  thousand 
calories  will  be  emitted  (Thomsen),  and  as  12  grams  of  charcoal  produce  1>7  thousand 
calories,  and  2  grams  of  hydrogen  (50  thoustind  calories,  therefore,  if  the  hydrogen  and 
carbon  of  the  acetylene  were  burnt  there  would  be  only  2  x  07  -r  (50,  or  2(53  thous^ind 
calories  produce<l.  It  is  evident,  then,  that  acetylene  in  its  formation  absorbs  310  —  2(58, 
or  47  thousauid  calories — that  is,  the  reaction  of  charcoal  and  hydr(»gen  is  endothermal 
And  the  product  is  in  this  respect  a  substance  rescnd^ling  nitrous  oxide,  hydrogen 
peroxide,  tVc.  Such  reasoning  is,  however,  oi)en  to  certain  defects  of  one  kin<l  or  another, 
■especially  when  a  reaction,  which  can  really  only  take  ])lace  at  a  high  temperature,  is 
supposed  to  be  effected  at  ordinary  temperatures  or  vice  rrrsd.  Calculations  cannot 
be  made  for  high  temperatures,  on  a(;count  of  insufficient  evidtMue  as  to  specific 
heat. 

For  considerations  referring  to  the  combustion  of  carbon  compounds,  we  will  first 
•enumerate  the  quantity  of  heat  se^iarated  by  the  combustion  of  definitt^  chemical  carbon 
compounds,  and  then  a  few  figures  touching  the  kinds  of  fuel  apjiiiod  in  a  practical 
'way. 
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There  is  one  known  substance  among  the  saturated  hydrocarbons 
composed  of  1  atom  of  carbon  and  4  atoms  of  hydrogen  ;  this  is  a  com- 

I.  For  molecular  quantities  in  perfect  combustion,  the  following  amounts  of  heat 
are  given  out  (when  gaseous  carbonic  anhydride  and  liquid  water  are  formed),  according 
to  the  data  of    Thomsen  :  (1)    for  gaseous  C„H2rt+.,>:  52'8-f  158*8n  thousand  calories; 

(2)  for  C„H.^«  :  17*7  + 1581 /t  thousand  calories;  (3)  according  to  Stohmann  (1888)  for 
liquid  satuated  alcohols,  C„H.^n+20  :  118  +  15(j'3«,  and  as  the  latent  heat  of  evaporation 
=  about  82  +  O'6/i,  in  a  gaseous  state,  200  +  15C'9rt  ;  (4)  for  monobasic  saturated  liquid 

acids,  CrtH-pjO^:  y5'3+154'3n,  and  as  their  latent  heat  of  evaporation  is  about  5*0  +  l*2/i, 
in  a  gaseous  fonn,  about  DO+lSSn;  (5)  for  solid  saturated  bibasic  acids,  C«Hon -2O4 : 
253-8  +  152'6n,  if  they  are  expressed  as  C,iH.2«C,jH.,,04,  then  51-4  +  152'6n;  (6)  for  ben- 
zene and  its  liquid  homologues  (still  according  to  Stohmann)  C/iH.^n  — 6«  158'6  +  156'3«, 
«ind  in  a  gaseous  form  about  155  +  157«;  (7)  for  the  gaseous  homologues  of  acetylene, 
C„H2„-2,  (according  to  Thomsen),  5  +  157/1.  It  is  evident  from  the  preceding  figures 
that  the  group  CH,,  or  the  substitution  of  CH5  for  H,  on  burning  gives  out  from  152  to 
159  thousand  calories.  This  is  less  than  that  given  out  by  C  +  Ho,  which  is  97  +  69  or 
166  thousand ;  the  reason  of  this  difference  (it  would  be  still  greater  if  charcoal  were 
gaseous)  is  the  amount  of  heat  separated  during  the  formation  of  CHj.  The  heat  of  com- 
bustion of  the  following  solids  (determined  by  Stohmann)  is  expressed,  not  in  terms  of 
the  molecular  weight  of  the  substance,  but  per  unit  of  weight:  C^Hn^Os,  cellulose,  4146  ; 
starch,  4123;  dextrose,  CgHp^Oo,  3692;  cane  sugar,  Ci._,H.>.20ii,  3866  ;  naphthalene,  Ci,>Ha, 
9621;  urea,  CN.^H,0,  24()5;  white  of  eggs,  5579;  dry  rye  bread,  4421;  wheaten  bread, 
4302;  tallow,  9365;  butter,  9192  ;  linseed  oil,  9323. 

II.  The  number  of  units  of  heat  given  out  during  the  complete  combustion  and 
cooling  of  the  following  ordinary  kinds  of  fuel  in  their  usual  state  of  dryness  and  purity 
are : — (1)  for  wood  ciiarcoal,  anthracite,  semi-anthracite,  Uirry  coal  and  coke,  from  7200 
to  8200;  (2)  for  dry,  long  flaming  coals,  and   the  best  brown  coals,  from  6200  to  6800; 

(3)  for  perfectly  dry  wood,  3500 ;  hardly  dry,  2500  ;  (4)  perfectly  dr>-  peat,  best  kind, 
4500;  compressed  and  dried,  3000;  (5j  i>etroleum  refuse  and  similar  liquid  hydro- 
carbons, about  11000  ;  (6)  illuminating  gas  of  the  ordinary  composition  (about  45  vols, 
H,  40  vols.  CH|,  5  vols,  CO,  and  5  vols.  N),  about  12000  ;  (7)  generator  gas  {see  next 
Chap.),  containing  2  vols,  carbonic  anhydride,  30  vols,  carbonic  oxide,  and  68  vols, 
nitrogen  for  one  part  by  weight  of  the  iv/tole  carbon  burnt,  5300,  and  for  one  part 
by  weight  of  the  gas,  910,  units  of  heat;  and  (8)  water  gas  {see  next  Chap.)  containing 
4  vols,  carbonic  anhydride,  8  vols,  N.^,  24  vols,  carbonic  oxide,  and  46  vols.  H.2,  for  one 
part  by  weight  of  the  carbon  consumed  in  the  generator  10900,  and  for  one  part  by 
weight  of  the  gas,  3600,  units  of  heat.  In  these  figures,  as  in  all  calorimetric  observa- 
tions, the  water  j)roduced  by  the  combustion  of  the  fuel  is  supposed  to  be  liquid.  As 
regards  the  temperature  reached  by  the  fuel,  it  is  important  to  remark  tliat  for  solid 
fuel  it  is  indisi)en sable  to  admit  (to  ensure  complete  combustion)  twice  the  amount  of 
air  require<l,  but  liquid,  pulverised  fuel,  and  esjHJcially  gaseous  fuel,  does  not  require  an 
excess  of  air ;  therefore,  a  kilogram  of  charcoal,  giving  8000  units  of  heat,  requires  about 
24  kilograms  of  air  (3  kilograms  of  air  per  1000  calories)  and  a  kilogram  of  generator  gas 
requires  only  077  kilogram  of  air  (085  kilo,  of  air  per  1000 calories),  1  kilogram  of  water 
gas  about  4*5  of  air  (1*25  kilos,  of  air  per  ]000  calories). 

III.  As  one  of  the  most  imiwrtant  and  extensive  applications  of  combustible  matter 
is  the  formation  of  steani  and  conversion  of  it  into  work,  we  will  take  as  an  example  the 
calculation  for  a  boiler  burning  per  hour  (  =  3600  seconds)  100  kilograms  of  anthracite, 
giving  out  8000  units  of  heat,  and  containing  IH)  p,c.  C,  3  p.c.  H,  3  p,c.  O,  and  4  p.c,  of 
ash  and  nitrogen.  For  the  combustion  of  100  kilos,  of  such  coal,  giving  800  thousand 
units  of  heat,  about  2400  kilos,  (counting  double  the  amount)  of  air  will  be  required, 
therefore  in  the  smoke  there  will  l>e  2500  kilos.,  and  as  the  si>ecific  heat  of  the  products 
of  combustion  is  about  025,  so,  taking  the  temperature  of  the  smoke  passing  from 
'Underneath  the  boiler,  /  — 200^  (higher  than  the  temperature  of  the  air),  the  smoke  will 
carry  ofi  125  thousand  units  of  heat,  and  187*5  units  of  heat  per  second  will  be  communi- 
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pound  containing  the  highest  percentage  of   hydrogen  (CH4  contains 
25    per   cent,    of   hydrogen),   and  at  tlie  same   time  it  is   the  only 
hydrocarbon  whose  molecule  contains  a  single  atom  of  carbon      This 
saturated  hydrocarbon,  CH^,  is  called  vuirah-yns  or  methane.     If  vege- 
table or  animal  refuse  suffers  decomposition  in  a  space  where  the  air 
has  not  free  access,    or   no  access  at  all,  then  the  decomposition   is- 
accompanied  with  the  formation  of  marsh  gas,  and  this  either  at  an 
ordinary  temperature,  or  at  a  comparatively  much  higher  one.     On  this- 
account  plants,  when  decomposing  under  water  in  marahea,  give  out 
this  gas.     It  is  well  known  that  if  the  mud  in  bogs  be  stirred  up,  the  act 
is  accompanied  with  the  evolution  of  a  large  cjuantity  of  gas  bubbles  ; 
these  may,  although  slowly,  also  separate  of  their  own  accord.      The 
gas  which  is  evolved  consists  principally  of  marsh-gas. ^^     If  wood,  coal, 
or  many  other  vegetable  or  animal  substances  are  decomposed  by  the 
action  of  lieat  without  access  of  air  -that  is,  are  subjected  to  dry  dis- 
tillation— they,  in  addition  to  many  other  gaseous  products  of  decom- 
position (carbonic  anhydride,  hydrogen,  and  various  other  substances), 
evolve  a  great  deal  of  methane.     Generally,  the  gas  which  is  used  for 
lighting  purposes  is  obtained  by  tliis  means,  and,  therefore,  always 
contains  marsh  gas,  mixed  with  hydrogen  and  other  vapours  and  gases, 
although  it  is  subseciuently  puri6ed  from  many  of  them.^'     As  the 

cated  to  the  boiler,  atitl  to  the  surrounclinj,'  air.  Subtracting  'iTT)  lUiitK  of  beat  for 
nuliation,  we  have  1(H)  units  of  lieat  per  second  communicated  to  the  water.  If  the 
pressure  in  tlie  boiler  be  5  atmospheres,  i-=i:rr  (pajfe  r)4).  and  the  temix»rature  of  the 
feed  water  1'2°,  then  (the  heat  of  warminj;  and  evaporation  of  040  units  of  beat,  see 
pa^e  r)3)  O-U.')  kilo,  of  steam  at  ir)0°  per  second  (900  kilos,  jwr  hour)  will  be  produced. 
If  this  steam  does  its  work  without  waste  of  any  kind,  and  be  condensed  in  the  con- 
denser at  50^,  then,  according  to  the  second  law  of  the  mechanical  theory  of  heat,  not 
more  in  any  case  than  1(50  (150  -  50)^  1 1^0  MJ73)  or  :J7H  units  of  heat,  will  be  converted 
into  work,  which  (according  to  tlie  first  law  of  the  mechanical  theory  of  heat)  will  eijual 
424  X  37'«  or  15027  kiloj,'rammetres  of  work  per  second,  or  212  horse-power  (one  horse 
power  —-75  kilogrammetres  per  second). 

But  as  at  least  35  p.c.  (in  the  best  machines)  is  lost  in  inevitable  loss  of  heat  and 
tlirough  friction,  only  about  140  horsepower  can  be  obtained  with  the  above-mentione«l 
quantity  of  fuel  hi  a  steam-engine  of  excellent  construction.  Generally,  1  kilo,  of  coal 
per  horse-power  per  hour  is  consumed  in  the  best  steam-engines  (with  expansion  and 
condensation).  Only  in  gas  engines  at  present  does  the  work  of  the  fuel  approach  tlie 
theoretical  limit. 

^  It  is  easy  to  collect  the  gas  which  is  evolved  in  marshy  places  if  a  glass  bottle  he 
inverted  in  the  water  and  a  fumiel  put  inU>  it  (in  water) ;  if  the  mud  of  the  bottom  be 
now  agitated,  the  bubbles  which  rise  may  be  easily  caught  in  the  funnel. 

5*  Illuminating  gas  is  generally  prepare<l  by  heating  gas  coal  {ave  Note  0)  in  oval 
cylindrical  horizontal  cast-iron  or  clay  retorts.  Several  such  retorts  lili  (tig.  58)  are 
disposed  in  the  furnace  A,  and  heated  together.  When  the  retorts  are  heated  to  a 
red  heat,  lumps  of  coal  are  thrown  into  them,  and  they  are  then  closed  with  a  closely- 
fitting  cover.  The  illustraticm  shows  the  furnace,  with  five  retorts.  Coke  {see  Note 
1,  dry  distillation)  remains  in  the  retorts,  and  tiie  volatile  products  in  the  ft)nn  of  vai>ours 
and  gases  travel  along  the  pipes  (/,  rising  from  each  retort.  These  pipes  branch  above 
tlie  sUn-e,  and  are  hermetically  sealed  into  the  receiver/ (hydraulic  main)  placed  above 
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decomposition  of  the  organic  matter,  which  forms  coal,  is  still  going  on 
underground,  the  evolution  of  large  quantities  of  marsh  gas  frequently 

the  furnace.     Those  products  of  the  dry  distillation  which  most  easily  pass  from  the 
gaseous  into  the  liquid  and  solid  states  collect  in  the  hydraulic  main.  From  the  hydraulic 
main  the  vapours  and  gases  travel  along  the  pipe  g  and  the  series  of  vertical  pipes  j  (which 
are  sometimes  cooled  by  water  trickling  over  the  surface),  where  the  vapours  and  gases 
cool  from  the  contact  of  the  colder  surface,  and  a  fresh  quantity  of  vapour  condenses.     The 
condensed  liquids  pass  from  the  pipes  g  and  j  and  into  the  troughs  H.    Tliese  troughs 
always  contain  liquid  at  a  constant  level  (the  excess  flowing  away),  so  that  the  gas  cannot 
escape,  and  thus  forms,  as  it  is  termed,  a  hydraulic  joint.     In  the  state  in  which  it  leaves 
the  condensers,  the  gas  consists  principally  of  the  following  vapours  and  gases :  (1)  vapour 
of  water,  (2)  ammonium  carbonate,  (8)  liquid  hydrocarbons,  (4)  hydrogen  sulphide,  H^S, 
(5)  carbonic  anhydride,  COj,  (6)  carbonic  oxide,  CO,  (7)  sulphurous  anhydride,  SOj,  but  a 
great  part  of  the  illuminating  gas  consists  of  (8)  hydrogen,  (9)  marsh  gas,  (10)  defiant 
gas,  Cj)H4,  and  other  gaseous  hydrocarbons.  The  hydrocarbons  (8,  i),  and  10),  the  hydrogen, 
and  carbonic  oxide  are  capable  of  combustion,  and  are  useful  component  parts,  but  the 
carbonic  anhydride,  the  hydrogen  sulphide,  and  sulphurous  anhydride,  as  well  aa  the 
vapours  of  ammonium  carbonate,  form  an  injurious  admixture,  because  they  do  not  bum 
(CO2,  SO2)  and  lower  the  temperature  and  brilliancy  of  the  flame,  or  else,  although  they 
are  capable  of  burning,  they  give  out  during  combustion  sulphurous  anhydride  (for 
example,   H^S,  CS.;,  and   others),  which  has  a  disagreeable  smell,  is  injurious  when 
inhaled,  and  spoils  many  surrounding  objects.    In  order  to  separate  the  injurious  pro- 
ducts, the  gas  is  washed  with  water,  a  cylinder  (not  shown  in  the  illustration)  filled  with 
coke  continually  moistened  with  water  serving  for  this  purpose.     The  water  coming  into 
contact  with  the  gas  dissolves  the  ammonium  carbonate ;  hydrogen  sulphide,  carbonic 
anhydride,  and  sulphurous  anliydride,  being  only  partly  soluble  in  water,  have  to  be  got 
rid  of  by  a  special  means.     For  this  purpose  the  gas  is  passed  through  moist  lime  or 
another  alkaline  liquid,  as  the  above-mentioned  gases  liuve   acid   properties   and  are 
therefore  retained  by  the  alkali.     In  the  case  of  lime,  calcium  carbonate,  sulphite  and 
sulphide,   all    solid    substances,   are   formed.     It   is  neceKsary  to   renew   the  purifying 
material,  as  its  absorbing  power  ceases.      A   mixture  of   lime   and    sulphate   of   iron, 
FeS04,  acts  still  better,  because  the  latter,  with  lime,  Ca(HO)^,  forms  ferrous  hydroxide, 
Fe(H0).2,  and  gypsum,  CaSO^.     The  suboxide  (partly  turning  into  oxide)  of  iron  absorbs 
H.^S,  forming  FeS  and  H...O,  and  the  gypsum  retains  the  remainder  of  the  ammonia, 
the  excess  of  lime  absorbing  carbonic  anhydride  and  sulphuric  anhydride,     fin  English 
works  a  native  hydrated    ferric   hydroxide   is   used   for   removing  hydrogen  sulphide.] 
This  purification  of  the  gas  takes  place  in  the  apparatus  L,  where  tlie  gas  passes  through 
netting  m,  covered  with  sawdust  mixed  with  lime  and  sulphate  of  iron.     It  is  necessary 
to  remark  that  in  the  manufacture  of  gas  it  is  indispensable  to  draw  off  the  vapours  from 
the  retorts,  so  that  they  should  not  remain   there  long  (otherwise   the  hydrocarbons 
would  in  a  considerable  degree  be  resolved  into  charcoal  and  hydrogen),  and  also  to  avoid 
a  great  pressure  of  gas  in  the  apparatus,  otherwise  a  quantity  of  gas  would  escape  at 
all   cracks  such   as  must  inevitably   exist  in    such  a   complicated  arrangement.     For 
this  purpose  there  are  special  pumps  (exhausters)  so  regulated  that  they  only  pump  off 
the  quantity  of  gas  formed  (the  pump  is  not  shown   in  the  illustration).     The  purified 
gas  passes  through  the  pipe  n  into  the  gasometer  (gasholder)  P,  a  dome  made  of  iron 
plate.   The  edges  of  the  dome  dip  into  water  poured  into  a  ring-shaped  channel  g,'m  which 
the  sides  of  the  dome  rise  and  fall.     The  gas  is  collected  in  this  holder,  and  distributed 
to  its  destination  by  pipes  communicating  with  the  pipe  o,  issuing  from  tlie  dome.     The 
pressure  of  the  dome  on  the  gas  enables  it,  on  issuing  from  a  long  jnpe,  to  penetrate 
through  the  small  aperture  of  the  burner.    100  kilograms  of  coal  give  about  20  to  HO  cubic 
metres  of  gas,  having  a  density  from  four  to  nine  times  greater  than  that  of  hydrogen. 
A  cubic  metre  (1000  litres)  of  hydrogen  weighs  about  H7  grams  ;  therefore  100  kilograms 
of  coal  give  about  18  kilograms  of  gas,  or  about  one-sixth  of  its  weight.  Illuminating  gas  is 
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occurs  in  coal-mines.'^  When  mixed  with  air  it  forms  an  explosive 
mixture,  which  forms  one  of  the  great  dangers  of  coal  mining,  as. 
subterranean  work  has  always  to  be  carried  on  by  lamp-light.  This 
danger  is,  however,  overcome  by  the  use  of  Humphry  Davy's  safety 

generally  lighter  than  marnh  gas,  as  it  contains  a  considerable  amount  of  hydrogen,  and  is. 
only  heavier  than  marsh  gas  when  it  contains  much  of  the  heavier  hydrocarbons.  Thus 
olefiant  gas,  C2H4,  is  fourteen  times,  and  the  vapours  of  benzene  thirty-nine  times,  heavier 
than  hydrogen,  and  illuminating  gas  sometimes  contains  15  p.c.  of  its  volume  of  them. 
The  brilliancy  of  the  flame  of  the  gas  increases  with  the  quantity  of  olefiant  gas  and 
similar  heavy  hydrocarbons,  as  it  then  contains  more  carbon  for  a  given  volume  and  a 
greater  number  of  carbon  particles  are  separated.  Gas  usually  contains  from  85  to  60  p.c 
of  its  volume  of  marsh  gas,  from  80  to  50  p.c.  of  hydrogen,  from  8  to  6  p.c.  of  carbonic 
oxide,  from  2  to  10  p.c.  heavy  hydrocarbons,  and  from  8  to  10  p.c.  of  nitrogen.  Wood 
gives  almost  the  same  sort  of  gas  as  coal,  and  almost  the  same  quantity,  but  the  wood 
gas  contains  a  great  deal  of  carbonic  anhydride,  and  the  vapours  of  water  and  tarry 
liquids,  but  on  the  other  hand  there  is  almost  complete  absence  of  sulphur  compounds. 
Tar,  oils,  naphtha,  and  such  like  materials  furnish  a  large  quantity  of  good  illuminating- 
gas.  An  ordinary  burner  of  8  to  12  candle  power  bums  5  to  6  cubic  feet  of  coal  gas  per 
hour,  but  only  1  cubic  foot  of  naphtha  gas.  One  pood  (86  lbs.  Eng.)  of  naphtha  givea 
500  cubic  feet  of  gas — that  is,  one  kilogram  of  naphtha  produces  about  one  cubic  metr& 
of  gas.  The  formation  of  combustible  gas  by  heating  coal 
was  discovered  in  the  beginning  of  the  last  century,  but 
only  put  into  practice  towards  the  end  by  Le-Bon  in  France 
and  Murdoch  in  England.  In  England,  Murdoch,  together 
with  the  renowned  Watt,  built  the  first  gas  works  in  1805. 
It  is  worthy  of  remark  that  1  candle-power  per  hour  en- 
tails a  consumption  of  not  less  than  7  grams  of  coal  gas,  or  IJ^ 
grams  of  naphtha  gas,  whilst  lamps  consume  but  4  grams  of 
kerosene  per  candle-power,  and  ordinary-sized  candles  bum 
6-9  grams  of  stearin,  wax,  or  paraffin,  or  18  grams  of 
tallow  per  hour.  In  practice  illuminating  gas  is  not  only 
used  for  lighting  (electricity  and  kerosene  are  cheaper  in 
Russia),  but  also  as  the  motive-power  for  gas  engines  (see 
p.  172),  which  consume  about  half  a  cubic  metre  per  horse- 
power per  hour ;  gas  is  also  used  in  laboratories  for  heating 
purposes.  When  it  is  necessary  to  concentrate  the  heat, 
either  the  ordinary  blowpipe  (fig.  69)  is  applied,  jilacing 
the  end  in  the  flame  and  blowing  through  the  mouthpiece ; 
or,  in  other  forms,  gas  is  passed  through  the  blowpipe ; 
when  a  large,  hot,  smokeless  flame  is  required  for  heating 
cracibles  or  glass-blowing,  a  foot-blower  is  used.  High 
temperatures,  which  are  often  required  for  laboratory  and 
manufacturing  purposes,  are  most  easily  attained  by  the 
use  of  gaseous  fuel  (illuminating  gas,  generator  gas,  and 
water  gas,  which  will  be  treated  of  in  the  following  chap- 
ter) because  complete  combustion  may  be  effected  without 
an  excess  of  air.  It  is  evident  that  for  obtaining  high  tem- 
peratures means  must  be  taken  to  diminish  the  loss  of  heat 

u,r  ,.«^;««:^»  Fw.    50.— Blowpipe.     Air  Is 

by  radiation.  ,,1^^^,  ^^^  ^  ^^^  tnunpet- 

"  The  gas  which  is  set  free  in  coal  mines  contains  a  «hB|>e<l     mouthpiece,     mid 

good  deal  of  nitrogen,  some  carbonic  anhydride,  and  a  large  uIT^^thmm  V^TlS-irS 

quantity  of  marsh   gas.     The  best  means  of  avoiding  an  tlie  extremity  of   tlie   side 

explosion  consists   in  efficient  ventilation.     It  is  best   to  ^"^• 
light  coal  mines  with  electric  lamps. 
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lamp.^^  Sir  Humphry  Davy  observed  that  on  introducing  a  piece  of  wire 
^auze  into  a  flame,  it  absorbs  so  much  heat  that  combustion  does  not 
proceed  beyond  it  (the  unbumt  gases  which  pass  through  it  may  be 
kindled  on  the  other  side).  In  accordance  with  this,  the  flame  of  the 
Davy  lamp  is  sun^ounded  with  a  thick  glass  (as  shown  in  the  drawing), 
and  has  no  communication  whatever  with  the  explosive  mixture  except 
through  a  wire  gauze  which  prevents  it  igniting  the  mixture  of  the 
marsh-gas  issuing  from  the  coal  with  air.  In  some  places,  particularly 
in  those  districts  where  petroleum  is  found — as,  for  instance,  near  Baku, 
where  a  temple  of  the  Indian  fire- worshippers  was  built,  and  in 
Pennsylvania,  and  other  places — marsh-gas  in  abundance  issues  from 
the  earth,  and  it  is  used,  like  coal  gas,  for  the  purposes  of  lighting  and 
warming.*^  Fairly  pure  marsh  gas  ^^  may  be  obtained  by  heating  a 
mixture  of  an  acetate  with  an  alkali.  Acetic  acid,  C.2H4O2,  on  being 
heated  is  decomposed  into  marsh  gas  and  carbonic  anhydride, 
C4H40i=CH4  +  CO,. 

An  alkali— for  instance,  NaHO — gives  with  acetic  acid  a  salt, 
C2H3NaOj,  and  on  decomposition  with  excess  of  alkali,  this  retains 
carbonic  anhydride,  and  forms  a  carlx>nate,  Na^COj,  and  marsh  gas 
is  fonned. 

CjHjNaOj  4  NaH0=Na.C03  +  CH4 

Marsh  gas  is  ditHoult  to  liquefy  ;  it  is  almost  insoluble  in  water, 
and  is  without  taste  or  smell.  Tlie  most  inijwrtant  j>oint  in  connection 
with  its  chemical  reactions  is  that  it  <loes  not  combine  directly  with 


r:«;.f».'.     IKkvv  :s4fct\Un'.p. 


"^  The  Davy  lump  is  ustnl  h^r  Hghtinjj  c*:»a1  .tnd 
other  mines  where  r«.»mhn«'tihle  >:as  is  found.  The 
wick  t»f  tile  lamp  is  ti«.oli>«»tHl  in  a  thick  ^Iass 
cylinder,  which  is  firmly  held  in  a  metallic  holder. 
Over  this  a  metallic  cylindtr  and  the  wire  >;AUz«r  are 
placed.  The  priKluct"  of  i<»ml>iistion  i'>as>  through 
the  gauze,  and  the  air  t-ntfrs  through  the  ^i>«ce 
l>etween  the  cylindt-rand  the  wire  gauze.  To  vnsaz« 
greater  >iifety  the  lamp  cannot  be  oi^'Ueti  without 
extingui*.hing  the  llamc. 

"*  In  Pennsylvania  Wyond  the  Alleghany  moan- 
tains  •  many  of  the  -haft-*  «»unk  fur  iH-troleuiii  onlr 
emittt^l  gas,  but  many  uxful  apphcal.on^  f-r  it 
Were  f.^nnd,  a»id  it  was  c  nd-.uied  in  nit-tAllic  pif^rs 
to  works  hundrt^K  of  ir.iif-  i.-:a:i:.  principally  for 
metallurgical  puq»*'«^'i. 

^  Thf  yi\Tf<  -.1^  i^  ir,  p.ir,,i  by  mixing  the 
liquid  -ui*liin.-e  c.i'.'.»-i  .-  :.c  ::.<:;.y'..  Z::  CH-  ,  w.lh 
water,  when  ti:»;  f-".!-  w.ng  r»i^.::   ::  .v».-.irs  : 

Z:;  C  Hj  ;-2HOH     Z::  H«  >  .--JCHjH. 
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anything,  whilst  the  other  hydrocarbons  which  contain  less  hydrogen 
than  expressed  by  the  formula  C,^VL2„^y  are  capable  of  combining  with 
\hydrogen,  chlorine,  certain  acids,  etc. 

Marsh  gas  is  the  only  hydrocarbon  wliich  contains  one  atom  of 
carbon  in  its  molecule,'*''  and  stands,  therefore,  to  that  element  in  the 
same  relation  as  water  does  to  oxygen  or  ammonia  to  nitrogen.  The  mul- 
titude of  hydrocarbons  which  carbon  has  the  power  of  forming  must  be 
derived  from  this  unique  and  simplest  hydrocarbon.  By  arranging  the 
molecules  (and  consequently  equal  volumes)  in  the  following  order— 
-  HH  ;  OH,  ;  NH3  ;  CH,  ; 
HCl  ;  SH2  ;  PH3  :  SiH,  ; 

it  is  evident  that  hydrogen  and  chlorine  are  univalent,  oxygen  and 
sulphur  bivalent,  nitrogen  and  phosphorus  trivalent,  carbon  and  sili- 
con quadrivalent.  And  if  the  law  of  substitution  gives  a  very  simple 
explanation  of  the  formation  of  hydrogen  peroxide  as  a  compound  con- 
taining two  aqueous  residues  (OH)  (OH),  then  on  the  basis  of  this 
law  all  hydrocarbons  ought  to  be  derived  from  methane,  CH4,  as  being 
the  simplest  hydrocarbon.  The  increase  in  complexity  of  a  molecule 
of  methane  is  brought  abDut  by  the  faculty  of  mutual  combination 
which  exists  in  the  atoms  of  carbon,  and,  as  a  consequence  of  the  most 
detailed  study  of  the  subject,  much  of  that  which  might  be  foreseen  and 
conjectured  from  the  law  of  substitution  has  been  actually  brought 
about  in  such  manner  as  might  have  been  predicted.  Although  this  sub- 
ject, on  account  of  its  magnitude,  appertains,  as  has  been  already  stated, 
to  the  sphere  of  organic  chemistry,  yet  it  has  been  touched  on  here  in 
order  to  show,  although  only  in  part,  the  best  investigated  example  of  the 
application  of  the  law  of  substitution.  According  to  this  law,  a  mole- 
cule of  methane,  CH,,  is  capable  of  undergoing  substitution  in  the  four 
following  ways  : — (1)  Methyl  substitution,  when  the  radicle  equivalent 
to  hydrogen  CH-,,  called  ineflujl,  replaces  the  hydrogen.  In  CH4  this 
radicle  is  combined  with  H,  and  therefore  can  replace  it,  as  (OH)  re- 
places H  because  with  it  it  gives  water  ;  (2)  methylene  substitution, 
or  the  exchange  between  H,  and  CH,  (this  radicle  is  called  methylene) 
is  founded  on  a  similar  division  of  the  molecule  CH4  into  two  equiva- 
lent parts,  H,  and  CH,  ;  (3)  acetylene  substitution,  or  the  exchange 
between  CH  on  the  one  hand  and  H3  on  the  other  ;  and  (4)  carbon 
substitution — that  is,  the  substitution  of  H4  by  an  atom  of  carbon  C, 
which  is  founded  on  the  law  of  substitution  similarly  to  the  methyl 
substitution.  These  four  cases  of  substitution  render  it  possible  to 
understand  the  principal  relations  of  the  hydrocarbons.     For  instance, 

^  Methylene,  CH.,  docs  not  exist.  ^V^len  attempts  are  made  to  obtain  it  (for 
example,  by  removinjj  X .  from  CH^X^),  C^Hj  or  CjH^  are  produced — that  is  to  say,  it 
undergoes  polymeribation. 
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the  law  of  even  mimbers  is  seen  from  the  fact  that  in  all  the  cases  of 
substitution  mentioned  the  hydrogen  atoms  increase  or  decrease  by 
an  even  number ;  but,  as  in  CHj  they  are  likewise  even,  it  follows  that 
no  matter  how  many  substitutions  they  produce  there  will  always  be 
an  even  number  of  hydrogen  atoms  obtained.  Indeed,  when  H  is  re- 
placed by  CH3  there  is  an  increase  of  CHg ;  when  Hg  is  replaced  by 
CH2  there  is  no  inci-ease  of  hydrogen  ;  in  the  acetylene  substitution 
CH  replaces  H3,  therefore  there  is  an  increase  of  C  and  a  decrease  of 
H2  ;  in  the  carbon  substitution  there  is  a  decrease  of  H4.  In  a  similar 
way  the  law  of  limit  may  be  deduced  as  a  corollary  of  the  law  of 
substitution.  In  fact,  the  largest  possible  quantity  of  hydrogen 
introduced  corresponds  with  the  methyl  substitution,  but  it  leads 
to  the  introduction  of  CHj  ;  therefore,  no  matter  how  many  times  this 
exchange  may  be  effected  with  CH4,  and,  denoting  the  numl)er  of  times 
by  (w— 1),  the  result  will  always  be  CH4(w— 1)(CH2),  or  C^H^^., 
as  the  highest  hydrogen  compound.  Unsaturated  hydrocarbons,  con- 
taining less  hydrogen,  are  evidently  only  formed  when  the  increase  of 
the  new  molecule  derived  from  methane  proceeds  from  one  of  the  other 
forms  of  substitution.  When  the  methyl  substitution  alone  takes  place 
with  methane,  CH4,  it  is  evident  that  the  saturated  hydrocarbon  formed 
is  CqHg  or  (CH3)(CH3).^^  This  is  called  ethune.  Directly,  by  means 
of  the  methylene  substitution  alone,  ethylene,  C2H4,  or  (CHj)  (CHj)  may 
be  obtained  from  CH^,  and  by  the  acetylene  substitution,  C2H2  or 
(CH)(CH),  or  aceti/leney  both  the  latter  being  unsaturated  hydro- 
carbons. Thus  we  have  all  the  possible  hydrocarbons  with  two  atoms 
of  carbon  in  the  molecule,  C2H6,  ethane,  C2H.1,  ethylene,  and  C2H2, 
acetylene.  But  with  them,  according  to  the  law  of  substitution,  the 
same    forms  of    substitution    may  be    repeated  -that  is,   the   methyl, 

'^  Although  the  methods  of  formation  and  the  reactions  connected  with  hydrocarbons 
are  not  described  in  this  work,  because  they  are  dealt  with  in  organic  chemistry,  yet,  in 
order  to  clearly  show  the  mechanism  of  those  transformations  by  which  the  carbon 
atoms  are  built  up  in  the  molecules  of  the  carbon  compounds,  we  here  give  a  general 
example  of  reiictione  of  this  kind.  From  marsh  gas,  CH4,  on  the  one  hand,  the  substi- 
tution of  chlorine  or  iodine,  CH3CI,  CH5I,  for  the  hydrogen  may  be  effected,  and,  on  the 
other  hand,  such  metals  as  sodium  may  be  substituted  for  the  hydrogen,  CHjNa.  Such 
and  other  similar  products  of  substitution  are  exceedingly  characteristic  of  hydrocarbons, 
and  serve  as  a  means  of  obtaining  other  more  complex  substances  from  given  carbon  com- 
pounds. If  we  place  the  two  above-named  products  of  substitution  of  marsh  gas  (metallic 
and  haloid)  in  mutual  contact,  the  metal  combines  with  the  halogen,  forming  a  very  stable 
compound — namely,  common  salt  or  sodium  chloride  and  the  carbcm-groups  which  were 
in  combination  with  them  separate  in  mutual  combination,  as  shown  by  the  equation  : 

CH5CI  +  CH.Na  ---  NaCl  +  C.IIo. 

This  is  the  most  simple  examph?  of  the  formation  of  a  complex  hydrocarbon  from  these 
radicles.  The  cause  of  the  reiw.-tion  must  be  sought  for  in  the  property  which  chlorine 
and  sodium  have  of  entering  into  mutual  combination. 
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methylene,  acetylene,  and  even  carbon  substitution  (be^cause  CgHg  will 
«till  contain  hydrogen  when  C  replaces  H4) — and  therefore  further  sub- 
stitutions will  serve  as  a  source  for  the  production  of  a  set  of  saturated 
And  unsaturated  hydrocarbons,  all  containing  more  and  more  carbon 
in  the  molecule  and,  in  the  case  of  the  acetylene  substitution  and 
carbon  substitution,  containing  less  and  less  hydrogen.  Thus  by 
weans  of  the  law  of  sttbstitution  we  can  foresee  not  only  the  limit 
C„H^+„  but  an  unlimited  number  of  unsaturated  hydrocarbons,  C^Hj^j 
C„H,,_2  ....  C„H2(„_,„),  where  m  varies  from  0  to  7^-1,^^  and 
where  n  increases  indefinitely.  From  these  facts  not  only  does  the 
existence  of  a  multitude  of  polymeric  hydrocarbons,  differing  in  mole- 
cular weight,  become  evident,  but  it  is  also  seen  that  there  is  a  possi- 
bility of  cases  of  isomerism  with  the  same  molecular  weight.  Already 
in  the  first  unsaturated  series  C„H.j„  that  polymerism  so  common  to 
hydrocarbon  compounds  is  apparent,  because  all  the  terms  of  this 
series  C2H4,  CaHg,  C4Hg  .  .  .  .  CaQHgo  ....  have  one  and  the 
same  composition  CH2,  but  different  molecular  weights,  as  has  been 
already  explained  in  Chapter  VII.  (page  312).  The  differences  in  the 
vapour  density,  boiling  points,  and  melting  points,  of  the  quanti- 
ties entering  into  reactions, ^^  and  the  means  of  preparation^^  also  so 
clearly  tally  with  the  doctrine  of  polymerism,  that  this  example  will 
always  be  the  clearest  and  most  conclusive  for  the  conception  of 
polymerism  and  molecular  weight.  Such  a  case  is  also  met  with  among 
other  hydrocarbons.  Thus  benzene,  C^Hg,  and  cinnamene,  CgHg, 
correspond  with  the  composition  of  acetylene  or  to  a  compound  of 
the  composition  CH.'*^     The  first  boils  at  81°,  the  second  at  144°  ; 

•'»<*  When  m  -  w--l,  we  have  the  series  CiH.^.  The  lowent  member  is  acetylene, C.2H2. 
AmongHt  the  hydrocarbons  with  C3,  there  ought  to  be  two  of  the  formula  CjHj,  one 
with  the  structure  CH,CCH,  and  the  other  CCHX.  But  one  of  these  is  unknown.  For 
C4H2,  CHCCCH  is  known  the  diacetylene  of  v.  Baeyer,  an  explosive,  easily  destructible, 
gaseous  substance.     Notliing  more  is  known  of  the  series  CmH.^. 

59  For  instance,  ethylene,  C.JH4,  combines  with  Br^,  HI,  H^S04,  as  a  whole  molecule, 
as  also  does  amylene,  C5H10,  and,  in  general,  C„H.j„ — that  is,  the  reacting  masses  are 
proportional  to  the  molecular  weight  or  w,  or  to  the  density  of  the  vapours  (page  307). 

^^  For  instance,  ethylene  is  obtained  ])y  removing  the  water  from  ethyl  alcohol, 
G.jH5(OH),  and  amylene,  CsHj^,,  from  amyl  alcohol,  C5Hii(0H),  or  in  general  CuH^ii  from 
c'„H.^+i(OH). 

**  Acetylene  and  its  poljanerides  have  an  empirical  composition  CH,  ethylene  and 
its  homologues  (and  polymerides)  CH.^,  ethane  CH-,  methane  CH4.  This  series  presents 
a  good  example  of  the  law  of  multiple  proiwrtions,  but  such  diverse  proix^rtions  are  met 
with  between  the  number  of  atonis  of  the  carbon  and  hydrogen  in  the  hydrocarbons 
already  known  that  the  accuracy  of  Dalton's  law  might  be  doubted.  Thus  the  difference 
in  weight  between  the  substances  C3oH6.,>  and  CjoH^jq  is  so  slight  that  it  is  within  the  in- 
evitable errors  of  analysis,  but  their  reactions  and  properties  are  so  distinct  that  they 
can  be  distinguished  beyond  a  doubt.  Without  Dalton's  law,  chemistry  could  not  have 
been  brought  to  its  present  condition,  but  it  caimot  alone  express  all  those  shades  which 
are  quite  clearly  understood  and  predicted  by  the  law  of  Avogadro-Gerhardt. 

AA  2 
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the  specific  gravity  bf  the  first  is  0*899  ;  that  of  the  second,  0*925,  at 
0° — that  is,  here  also  the  boiling  point  rises  with  the  increase  of 
molecular  weight,  and  so  also,  as  might  be  expected,  does  the  density. 

Cases  of  isomerism  in  the  exact  sense  of  the  word-  that  is,  when, 
with  an  identity  of  composition  and  of  molecular  weight,  the  pro- 
perties of  the  substances  are  different —are  very  numerous  among 
the  hydrocarbons  and  their  derivatives.  Such  cases  are  particularly 
important  for  the  comprehension  of  molecular  structure,  and  they 
also,  like  the  polymerides,  may  be  predicted  from  the  above-mentioned 
conceptions,  expressing  the  principles  of  the  structure,  of  the  carbon 
compounds  *^  based  on  the  law  of  substitution.  According  to  it,  for 
example,  it  is  evident  that  there  can  be  no  isomerism  in  the  cases  of 
the  saturated  hydrocarbons  CjHg  and  CgHs,  because  the  former  is 
CH4,  where  methyl  has  taken  the  place  of  H,  and  as  all  parts  of 
the  hydrogen  atoms  of  methane  ought  to  be  supposed  to  have  the 
same  relation  to  carbon,  it  is  all  the  same  which  of  them  be  subjected 
to  the  methyl  substitution — the  resulting  product  will  only  be  ethane, 
CH3CH3  ;  *^  and  therefore  the  same  argument  applies  in  the  case  of 
propane,  CH3CH2CH3,  where  one  compound  only  can  be  imagined.     It 

**  The  conception  of  tlie  structure  of  hydrocarbon  comiwunds — tliat  is,  the  expression 
of  those  unions  and  corrt?hitionH  whicli  their  atoms  liave  in  the  molecules — was  for  a  lonp 
time  Hmited  to  the  rci)resentation  that  organic  substancres  contained  complex  radicles 
(for  instance,  ethyl  C.H.r,.  methyl  CH-,  phenyl  CeH,..,  t^'c.) ;  then  about  the  year  1840  the 
phenomena  of  substitution  and  the  correspondencn  of  th«'  products  of  substitution  with 
the  primary  bodies  (nuclei  and  types)  were  observed,  but  it  was  not  until  about  the  vear 
1800  and  later  when,  on  the  one  hand,  the  teaching?  of  (lerhardt  about  molecules  was 
Bpreadin*;,  and,  on  the  other  hand,  the  materials  had  accumulated  for  discussing  the 
transfomiati(ms  oi  the  simplest  hydrocarbon  compounds,  that  conjectures  begun  to 
appear  as  to  the  mutual  connection  of  the  atoms  of  carbon  in  tlie  molecules  of  the  com- 
plex hydrocarbon  compounds.  Then  Kekule'  aJid  A.  M.  ButlerofT  began  to  express  the 
connection  between  the  separate  atoms  of  carbon,  regarding  it  as  a  (juadrivalent  element. 
AlUiough  in  their  methods  of  expression  and  in  some  of  their  views  they  differ  from  each 
other,  and  also  fnmi  the  way  in  which  the  subject  is  treated  in  this  work,  yet  tlie  esseju'#» 
of  the  matter — najuely,  the  comprehension  of  the  causes  of  isomerism  and  of  the  union 
between  the  separat«'  atoms  of  carbon — remains  the  same.  Tn  addition  to  this,  starting 
from  the  year  1M7(),  there  api)ears  a  tendency,  which  from  year  to  year  increases,  to  dis- 
cover the  actual  si)acial  distribution  of  the  atoms  in  the  molecules.  Thanks  to  tlie 
endeavours  of  Le  Bel  (1H74),  Van't  Hoff  (1874),  and  Wislicenus  (lH87)  in  observing  cases 
of  isomerism— such  as  the  effect  of  different  isomerides  on  the  direction  of  the  rota- 
tion of  the  ]>lane  of  ]>olarisation  of  light — this  tendency  promises  much  for  chemical 
mechanics,  but  th«'  details  of  the  still  imperfect  knowledge  in  relation  to  this  matter 
must  be  sought  for  in  special  works  devoted  to  organic  chemistry. 

^5  Direct  experiment  shows  that  however  CII-X  is  prepared  (where  X  — for  instance 
CI,  (tc.)  it  is  always  one  and  the  same.  If,  for  instance,  in  CX,,  X  is  gradually  rejilaced 
by  hydrogen  until  CHjX  is  produced,  or  in  (.'II,  the  hydrogen  by  various  means  in 
replaeed  by  X,  or  else,  for  inst*vnce,  if  CH-X  be  obtained  by  the  deconiposition  of  more 
com]>lex  compounds,  the  same  product  is  always  obtained. 

This  was  shown  in  the  year  18«0,  or  there  about,  by  many  methods,  an<l  is  the  funda- 
mental conception  of  the  structure  of  hydrocarbon  compounds.     If  the  atoms  of  hydro- 


CARBON   AND  THE   UYDROCARBONS  357 

is  to  be  expected,  however,  that  there  should  be  two  butanes,  C4H1Q, 
and  this  is  actually  the  ease.  In  one  methyl  may  be  considered 
as  replacing  the  hydrogen  of  one  of  the  methyls,  CH3CH2CHj,CH3  ; 
and  in  the   other   CH3  may  be  considered  as  substituted  for  H  in 

CH 
CHj,  and  there  it  will  consist  of  CH3CH  pxr^-  It  may  be  also  re- 
garded as  methane,  in  which  three  of  hydrogen  are  exchanged  for 
three  of  methyl.  On  going  further  in  the  series  it  is  evident  that  the 
number  of  possible  isomerides  will  be  still  greater.  But  we  have 
limited  ourselves  to  the  simplest  examples,  showing  the  possibility  and 
actual  existence  of  isomerides.  C.2H4  and  CH2CH2  are,  it  is  evident, 
identical,  but  there  ought  to  be,  and  are,  two  hydrocarbons  of  the 
composition  CaHg,  propylene  and  trimethylene  ;  the  first  is  ethylene 
CH2CH.2,  in.  which  one  part  of  hydrogen  is  exchanged  for  methyl 
CH.2CHCH3,  and  trimethylene  is  ethane,  CH3CH3,  only  with  the 
exchange  of  methylene   for  two   hydrogen  atoms   from    two   methyl 

CH 

groups — that  is,  ^^.tt^CHj,^^    where  the  methyl  introduced   is   united 

to  both  the  atoms  of  carbon  existing  in  CH3CH3.  It  is  evident 
that  the  cause  of  isomerism  here  is,  on  the  one  hand,  the  difference  of 
the  amount  of  hydrogen  in  union  with  the  particular  atoms  of  carbons, 
and,  on  the  other,  the  different  connection  between  the  sepanite  atoms 
of  carbon.  In  the  first  case  they  may  be  said  to  be  chained  together 
(more  generally  to  form  *  an  open  chain '),  and  in  the  second  case,  to  be 
locked  up  (to  form  a  *  closed  chain '  or  *  ring ').  Here,  also,  it  is  easily 
understood  that  on  increasing  the  quantity  of  carbon  atoms  the  num- 
ber of  conjectured  and  existing  isomerides  will  greatly  increase.  If, 
also,  in  addition  to  the  substitution  of  one  of  the  radicles  of  methane 
for  hydrogen  a  further  exchange  of  part  of  the  hydrogen  for  some  of 
the  other  groups  of  elements  X,  Y  .  .  .  .  occurs,  the  quantity  of 
possible  isomerides  still  further  increases  in  a  considerable  degree. 
For  instance,  there  are  even  two  possible  isomerides  for  the  derivatives 
of  ethane,  C^H^  :  if  two  parts  of  the  hydrogen  be  exchanged  for  Xjj,  one 

gen  in  methyl  were  not  absolutely  identical  in  value  and  j)08ition  (as,  for  instance,  in 
CHsCH.^CHj,  or  CH3CH.JX),  then  there  would  be  aH  many  different  forms  of  CHjX 
as  there  were  diverhities  in  the  atoms  of  hydrogen  in  CH,,  Tlie  Mcope  of  this  work  doea 
not  permit  of  a  more  detailed  account  of  tliis  matter.  It  is  given  in  works  on  organic 
chemiBtry. 

*'  The  union  of  carbon  atoms  in  closed  chains  or  rings  was  first  suggested  Ijy  Kekule 
as  an  explanation  of  the  structure  and  isomerism  of  the  derivatives  of  ben/ene,  CoHq, 
forming  aromatic  comjwunds  (Note  2(>).  It  is  now  incontestable,  altliougli  the  ques- 
tion of  isomerism  between  the  benzene  derivatives  cannot  be  considered  as  finally 
solved,  that  this  closed  connection  exists,  and  gives  a  {Kjculiar  character  to  these  com- 
pounds. 
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will  have  the  ethylene  stioicture,  CHaXCHjX,  aiad  the  other  an  ethyl- 
idene  structure,  CH^CHX^  ;  such  are,  for  instance,  ethylene  chloride^ 
CH,ClCn,Cl,  and  ©thylidene  chloride,  CH^^CHCl^.  And  as  in  the 
place  of  the  firfst  part  of  hydrogen  not  oidy  metals  may  Ije  substi- 
tuted, but  CI,  Br,  I,  (OH)  the  water  radicle,  (NH,^)  the  ammonia  radi- 
cle, (NO.,)  the  radicle  of  nitric  acid,  tfec,  so  also  in  exchange  for  two 
parts  of  hydrogen  O,  NH,  8,  ttc,  may  be  substituted,  wlience  it  will  lie 
understood  that  the  quantity  of  isomerides  is  sometimes  very  great. 
Tt  is  impossible  bei'e  to  describe  how  the  isomer  ides  are  distinguished 
from  each  other,  in  what  reactions  they  occur,  how  and  when  one 
changes  into  another,  ike.  ;  for  this,  taken  together  with  the  descrip- 
tion of  the  hydrocarlxjns  already  known,  and  their  derivatives,  forms  a 
most  extended  and  most  thorouglaly  investigated  branch  of  chemistry, 
called  (m/auk  ch^mtstri/.  Enriched  with  a  mass  of  closely -observed 
phenomena  and  strictly -de<luced  generalisations,  this  branch  of 
chemistry  lias  been  treated  separately  for  the  reason  that  in  it  the 
hydi'ocarboii  groups  are  subjected  to  transformations  which  are  not 
met  with  in  such  quantity  in  dealing  with  any  of  the  other  elements 
or  their  hydrogen  compounds,  Tt  was  important  foi^  us  to  show  that 
notwithstanding  the  great  variety  of  the  hydrocarbons  and  their 
products/^*  tliey  are  all  of  them  governed  l>y  the  law  of  substitution, 
and  referring  our  readers  for  detailed  information  to  works  on  organic 
chemistry,  we  will  limit  ourselves  to  a  short  exposition  of  the  properties 
of  the  two  simplest  nnsatu rated  hydrocarbons  :  ethylene,  CJIyCH.j,  and 
acetyleoe,  CHCH,  and  a  short  acquaintance  with  petroleum  as  the  natural 
source  of  a  mass  of  hydrw^arboiis.     Eikyhne^  ur  ohfiant  gas,  C^H^,   i& 

*!>  The  following  ^re  llie  niotit  (jfeiipmOy  kmjwn  of  the  oxygeumedi  but  uou-uitrcK 
gcnoun  hydrocnil>nii  ilerivtitiveH-  (1)  The  uJcoIioIh,  Tlifhe  are  byflrocarlHitia  iu  whi<>)i 
hydrogen  ie  exclmiugt'd  (or  htjdroxt/l  (OH),  The  siuiplosfc  of  thestn  it*  metltyl-iilcfihol^ 
CH-^OHi,  or  wnod  Kjiirit  obttimfcd  by  the  dry  diBtdhitioii  of  wood,  Tlve  cojimitm  spirit* 
of  wititi  or  ethyl  alcohfil,  CjH.jOH),  and  glyt'ol,  CjHi^OH)^^  t't>rrfi^iHind  with  etliiuaie. 
Nonual  propyl  akoht.!,  CH^CH.^CHjtOH),  ami  iHopro|iyhiU!ohol,  CH^CHlOHiCHj,  pro- 
pylene-glyrol,  C-H^jiOH)^,,  njid  glycerol,  CsH^COHl.^  I  which,  with  Htearic  and  otht^r  muds, 
form»  fatty  tiubtitaticen),  correi*iK}iid  with  propaue,  C jHy.  All  ak-oliols  are  crtpfthle  of  form- 
ing water  and  ethereal  saltti  with  acid»i,  ju»4t  as  alkalis  form  ortliiiary  salLe.  {'J)  Aldidrydea 
are  alcoholM  miniiB  hydrogen  i  for  itiMtaiice,  acetaldehyde,  C  jH^t),  corrf  Hii>ond»  with  etltyl 
alttuhoL  (3)  It  ifl  HiuipleHt  tu  regard  organie  acids  as  hydrocarbons  in  which  hy(lro|^eii 
hiW  been  exchanged  for  carboxy)  (CO^H),  &s  will  be  explained  in  the  following  ckapi«r. 
Tliere  arfs  a  numl>er  of  interntedmte  coinpoands;  for  e3(ainpk\  the  aidi^hyde-alcuhol«, 
aloohol-acidu  (or  hydroxy-aeidB),  tt<?.  ThuH  the  hydroxy-iwLMdi*  are  hydriRuHMinti  in  which 
Houie  of  the  hydrogen  luij*  been  leplariMl  by  hydroxyl,  and  nonu^  by  ntrbvii'ift  ;  for 
iiidtaiice,  latitic  acid  toiTeHiJ^jndB  with  CM^,  and  has  the  coiiiitJtutioH  CjU^fOHKCO.jH). 
If  to  thefeje  products  we  add  tire  huh>id  nalttj  (where  H  i«*  replaced  by  CI,  Br,  I),  Uie  nitron 
compontidn  containing  XOj  ioMteiul  of  H,  tlie  aoiides,  cyanideti,  ketouen,  and  other  vmti- 
pouiid^.  it  will  he  readily  neen  iivhid  an  iiiin)enK<e  number  of  orgtiuic  compounds  tliere  iu'Q 
mid  what  a  vai*i«<ty  of  properties  thei»«  bubbiauceH  have  ;  thii*  wu  see  alno  f  rtnn  the  ixim- 
pOfiition  of  plants  Knd  anmiola. 
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the  lowest  known  member  of  the  unsaturated  liydrocarlion  series  of  the 
composition  C.,H.j,,.  As  in  composition  it  is  equal  to  two  molecules  of 
marsh  gas  deprived  of  two  nioleeules  of  hydrogen,  it  U  evident  that  it 
might  be,  and  actually  can,  together  with  hydrogen,  b*?  pi^duced, 
although  but  in  small  quantities,  by  heating  marsh  gas.  On  being 
heated,  however,  oleliant  gas  is  decomposed  into  charcoal  and  marsh 
gtis  :  C^Hj^^CH^-fC  ;  and  therefore  in  those  cases  where  marsh  gas 
is  prorluced  by  heating,  oletiant  gas,  hydrogen j  and  charcoal  will  also  be 
formed,  although  only  in  small  i|uan titles.  The  lower  the  temperature  at 
which  comf>lex  organic  substances  are  heateilj  the  greater  the  tjuantity 
of  olefiant  gas  found  in  the  gases  given  oft';  at  a  white  heat  it  is  en- 
tirely decomposed  into  charcoal  and  marsh  gas.  If  coal,  wood,  and 
more  particularly  petroleum,  tars  anrl  fatty  substances  are  subjected  to 
dry  distillatiun,  they  give  off"  illuminating  ga«,  which  contains  more  or 
less  ok'fiant  gas* 

Oletiant  gas^  almost  free  from  other  gases,*®  may  be  obtained 
from  ordinary  alcohol  (if  possible,  free  from  water),  if  it  be  mixed  with 
live  parts  of  strong  sulphuric  acid  and  the  mixture  he^ited  to  slightly 
above  100°,  Under  these  conditions,  the  sulphuric  acid  removes  the 
rlements  of  water  from  the  alcohol,  C^Jf -(OH),  and  gives  olefiant  gas, 
C2H,,0=H,>0  +  C^H|.  The  greater  molecular  wt-ight  of  oletiant  gas 
compared  with  marsh  gas  points  out  that  it  may  be  comparatively 
tsasily  converted  into  a  liquid  by  means  of  pressure  or  great  cold  ; 
this  may  be  effected,  fnv  example,  Ijy  the  evap<>ration  of  liquid  nitrous 
oxide.  Its  absolute  boiling-point  is  +10^,  it  boils  at  —103'  (1  atmo- 
sphere), liqueties  at  0*^,  at  a  pressui'e  oi  43  atmosphei-es^  and  solidifies 
At  —160*^.  Ethylene  is  colourless,  has  a  slight  ethereal  smell,  is  Jilightly 
soluble  in  water,  and  somewhat  more  soluV>le  in  alcoliol  ami  in  ether 
(in  live  volumes  of  spirit  and  six  volumes  of  ether).*" 

Like  other  unsaturated  hydrociirbon.s,  olefiant  gas  i*eadily  enters 

^*  Elliylene  bromide,  C^H|Br,(,  when  gently  lieAted  in  ulcoholie  trtilutiou  with  finuly 
divided  zinc,  yieids  ptir«  ethylene,  the  zinc  mtiM^ly  taking  up  the  hromiiit*  iSnbuueyefT^. 

^'  £thyleu«  deccimi>n«et»  atjmewhiit  eafiily  under  the  uiDuence  uf  the  electric  spitrk, 
or  a  high  temperature.  In  thi»  cimw  the  volumi?  of  the  gas  formed  may  remain  the 
iiHjne  whtL'n  oleHant  ^ua  ih  dccompoHed  into  carlKin  and  martdi  gas^  or  may  iuereaae  %o 
double  ite  ToUim*;  when  hydrogen  And  e«irl>on  are  fonned,  CjH^  ^CH^H^  C  =  2C  +  2Hf>» 
A  mixture  of  olefiant  gas  and  oxygen  isi  highly  explosive;  two  volumes  of  this  giui  require 
AiJL  Toltutieft  of  oxygen  for  its  perfuct  coiuliustion.  The  eight  volmne«  thus  taken  then 
reaoK'B  thenifielves  into  a  mixture  of  eight  voluniieft  of  the  produett»  of  combuBtion,  wnter  and 
oarbcmic  anhydride,  C^.H^  +  30.^  =  %C0.^  -r-  *iHjO»  On  cooling,  after  the  explosion,  diminution 
of  volume  occur*  because  the  water  becomes  liquid.  For  two  volumeH  of  the  olefiiuii  gas 
taken,  the  diminntiun  will  b«  equal  l«)  foar  votumea,  and  the  suMU'e  for  mardi  gas.  The 
qnaniily  of  carboiii*^  auhydride  formed  by  both  gaac^s  is  not  the  same.  Two  volumea  of 
manih  giitu  give  only  two  volumes  of  carbonie  anhydride,  and  two  volume^!  of  ethylene  giva 
fonr  vcdumea  of  carbonic  anhydride  i'iUO.i}. 
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into  combination  with  certain  substances,  such  as  chlorine,  bromine, 
iodine,  fuming  sulphuric  acid,  or  sulphuric  anhydride.  If  oletiaat  gas 
be  sealed  up  with  a  small  quantity  of  sulphuric,  acid  in  a  ghiss  vessel, 
and  be  subjected  to  continued  shaking  (as,  for  instance,  by  suspending 
it  from  a  moving  part  of  a  machine),  the  prolonged  contact  and  repeated 
mixing  causes  the  olefiant  gas,  little  by  little,  to  combine  with  the 
sulphuric  acid,  forming  C2H4H2SO4.  If,  after  this  absorption,  the 
sulphuric  acid  \)e  diluted  with  water  and  distilled,  alcohol  separates, 
which  is  produced  in  this  case  by  the  olefiant  gas  combining  with 
the  elements  of  water,  C2H4  4-H20=C.2H,,0.  In  this  reaction  (Ber- 
thelot)  we  see  an  excellent  example  of  the  fact  that  if  a  given  sub- 
stance, like  olefiant  gas,  is  produced  by  the  decomposition  of  another, 
theh  in  the  reverse  way  this  substance,  entering  into  combination,  is 
capable  of  forming  the  original  substance — in  our  example,  alcohol. 
Therefore  the  i-eaction,  CH3CH2(OH)=H(OH) +CH2CH2,  ought 
to  be  classed  as  a  reversible  reaction.  In  combination  with  various 
molecules,  X2,  ethylene  gives  saturated  compounds,  C2H4X2 — that  is, 
either  CH2XCH2X,  or  CH3CHX0,  which  correspond  with  ethane, 
CH3CH3,  or  C2H,.« 

Acetylene,  C2H2=CHCH,  is  a  gas  ;  it  was  first  prepared  by 
Berthelot  (1857).  It  has  a  very  pungent  smell,  is  chamcterised 
by  its  great  constancy  under  the  action  of  heiit,  and  is  the  only 
product  of  the  direct  combination  of  carbon  with  hydrogen.  This 
combination  takes  place  under  the  action  of  great  heat,  such  as  is 
produced  by  a  very  strong  electric  current  between  carbon  points.  A 
brilliant  arc  (voltaic)  is  then  formed  between  the  car])on  electrodes, 
which  contains  particles  of  carbon  passing  from  one  pole  to  the  other. 
If  the  carbons  be  surrounded  with  an  atmosphere  of  hydrogen,  the 
carl)on  in  part  combines  with  the  hydrogen,  forming  C.^H.^.  Acetylene 
may  be  formed  from  olefiant  gas  if  two  atoms  of  hydrogen  be  taken 
from  it.  This  may  be  etfected  in  the  following  way  :  the  olefiant  gas  is  first 
made  to  combine  with  bromine,  giving  C.^HiBro  ;  from  this  the  hydro- 
bromic  acid  is  taken  l)y  means  of  an  alcoholic  solution  of  caustic  potash, 
leaving  the  volatile  product  C2H3Br  ;  and  fiom  this  yet  another  part 
of  hydrobromic  acid  is  withdrawn  by  passing  it  through  anhydrous 
alcohol  in  which  metallic  sodium  has  been  dissolved,  oi*  ]>y  heating  it 
with  a  strong  alcoholic  solution  of  caustic  potash.     Under  these  cir- 

*^  The  liomologueH  of  ethylone,  C  H.,„,  are  al^o  capable  of  djn'ct  combination  with 
halogens,  S:c.,  but  with  various  degreeH  of  facility.  The  ooniiM)sition  of  these  homoloj^es 
can  be  expresned  thus:  (CH^^jlCH.y),,  (CHhC^  where  the  sum  of  j-  \- ~  is  always  an  even 
number,  and  the  sum  of  j*  +  -r  +  r  is  equal  to  half  the  sum  of  'A.r  ■{■ .:,  wlicnce  -r  +  2r  — x  ;  hy 
this  means  the  possible  isomerides  are  determined.  For  example,  for  butylenes,  C4H8, 
(CHsi.^iCH).^,   (CH3.).j(CH^)C,  (CH.J(CH:,)oCH,  and  (CH.J4  are  possible. 
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cumstanees  (Berthelot,  JSawitsdi,  Miiioiiiivoil)  the  alkali  takes  up  the 
hydro})romic  acid  from  C„H.^^_,Br,  forming  CJI.iti  -i- 

Acetylene  is  also  pixxlucecl  in  all  those  cases  whore  organic  sub- 
stances are  decomposed  by  the  action  of,  a  high  t(;mperature  -for 
example,  by  dry  distillation.  On  this  account  a  certain  quantity  is 
always  found  in  coal  gas,  and  gives  to  it,  at  all  events  in  paH,  its 
peculiar  smell,  but  the  quantity  of  acetylene  in  coal  gas  is  very  small. 
If  the  vapour  of  alcohol  be  passed  through  a  heated  tube  a  certain 
quantity  of  acetylene  is  formed.  It  is  also  produced  by  the  imperfect 
combustion  of  olefiant  and  marsh  gas—  for  example,  if  the  flame  of 
coal  gas  has  not  free  access  to  air.^"-*  The  inner  part  of  every  flame 
contains  gases  in  imperfect  combustion,  and  in  them  some  amount 
of  acetylene. 

Acetylene,  being  further  removed  than  ethylene  from  the  limit 
C„H2„+2  of  hydrocarbon  compounds,  has  a  still  greater  faculty  of  combi- 
nation than  is  shown  by  oletiant  gas,  and  therefore  can  be  more  readily 
separated  from  any  mixture  containing  it.  Actually,  acetylene  not  only 
combines  with  one  and  two  molecules  of  I.^,  HI,  H2SO4,  CI.,  Brj, 
<fec.  .  .  .  (many  other  unsaturated  liydrocarbofts  combine  with  them)  but 
also  with  cuprous  chloride,  CuCl,  fomiing  at  red  precipitate.  If  a  gaseous 
mixture  containing  acetylene  be  passed  through  a  solution  of  cuprous 
chloride  (or  AgNOg)  and  ammonia  water,  the  other  gases  do  not  com- 
bine, but  the  acetylene  gives  a  red  precipitate  (or  gray  with  silver), 
which  on  being  struck  with  a  hammer  decomposes  with  an  explosion. 
This  red  precipitate  gives  off  acetylene"  under  the  action  of  acids. 
In  this  manner  pure  acetylene  may  be  produced.  Acetylene  and  its 
homologues  also  readily  react  with  corrosive  sublimate,  HgCl^  (Kou- 
cheroff,  Favorsky).  Acetylene  bums  with  a  very  brilliant  flame,  which 
is  accounted  for  by  the  comparatively  hirge  amount  of  carbon  it 
contains.  •''0 

The  formation  and  existence  in  nature  of  large  masses  of  petroleum 
or  a  mixture  of  li(|uid  hydrocarlx>ns,  principally  of  the  series  C^Hj+a 
and  C^H^,,  is  in  most  respects  remarkable/''     In  some  mountainous  dis- 

■•"  Tliis  is  easily  atuiiuplislK'cl  with  tliuse  j;as  lainj>s  wliLfli  are  uscmI  in  laborulorieH 
and  mentioned  in  the  IntnKiuction,  j^a^^e  11.  In  tliCBC  hunpa  tlie  jrus  is  first  mixed  with 
air  in  a  lon^  tube,  al>ove  which  it  is  kindled.  But  if  it  be  lighted  inside  tlie  pipe  it  does 
not  fully  bum,  but  fonnw  acetylene,  on  account  of  the  coolinj^  effect  of  the  walls  of  the 
metallic  tube ;  this  is  obser\'ed  by  the  smell,  and  nuty  be  shown  by  passing  the 
issuing  gas  (by  aid  of  ai)  aspirator)  into  an  anuntmiacul  stdution^f  cuprous  chloride. 

^  Amongst  the  homologues  of  acetylene,  Cm11.2«  2>  ^*^®  lowest  is  ^'3114;  allylene, 
CH3CCII,  and  aJlene,  CllX'ClI^,  are  known,  but  tlie  closed  structure,  CIImCH).,,  is 
nnknown. 

^*  The  saturated  hydrocarbons  prcdomiuate  iJi  AmericaJi  .petrok'um,  es}>eciiilly  in 
its  more  volatile  parts ;  in  Baku  naphtha  the  hydrocarbons  of  the  comiK)sition  ChU^h  form 
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tricts — as,  for  instance,  by  the  slopes  of  the  Caucasian  chain,  on  incli 
in  a  parallel  direction  to  the  chain  -an  oily  liquid  issues  from  the  earth 
together  witlj  salt  wat-er  and  hot  gases  (tuethane  tinrl  others)  ;  it  has  a  ! 
tany  smell,  dark  brown  colour,  and  is  light^^r  than  water      This  liquid 
IB  called  naphtha  or  rock  oil  (petroleum),  and  is  obtained  in  large  quan- 
titles  by  making  wells  and  deep  bore-holes  in  those  places  where  traces-  I 
of  naphtha  are  observed,  the  naphtha  being  sinnetimes  thrfjwn  up  from 
the    wells   in    fuuntains   of  considerable    lieight/*'^     The    evolution    of 
naphtha  is  always  accnmfianied  by  salt  water  awl  marsh  gas.     Naphtha, 
has  from  ancient  times  been  worked  in  Russia  in  the  Apsheron  penin- 
sula near  Baku,  and  is  also  now-  worked  in  Burniah  (India),  in  Galicia 
near  the  Carpathians,  and  in  America^  especially  in  Pennsylvania   and 
Canada,     Naphtha  does  not  consist  of  one  definite  hydi'ocarbon.  but  of 
a   mixtui^  of  many,  and  its  density,  external  appeiirance,   and  other 
q  12  ah  ties  vary  with  the  amount  of  the  diHerent  hydrocarbons  of   which 
it  is  composed.     The  light  kinds  of  naphtha  have  a  specific  gravity  about^ 
0*8  and  the  heavy  kinds  up  to  0*&8.     The  former  are  very  mobile  liquids, 
and  are  more  volatile  ;  the  latter  contain  less  of  the  volatile  hydro- 
carbons and  are  less  mobile.     When  the  light  kinds  of  naphtha  are  dis- 1 
tilled  the  boiling  point  in  the  vapours  constiintly  changes,  beginning  at  j 
0"  and  going  up  to  above  350^.     That  which  passes  over  first  is  a  very  ' 
mobile,  colourh^ss  ethere^d  li(|uid,  from  which  the  hydrocarbons   whose 
boiling  points  start  from  0''  umy  be  extracted —nam ply,  the  hydrocarbons 
C^Hjo,  CaHi.^  (which  boils  at  30°),  CJlu  (^oih  at  62^),  C-H^^  (boils 
about  90°),  itc.     Those  fractions  of  the  distillate  of  naphtha  which  boil 

tbo  nmin  part  {Liiieiikrv  Marko\  iiiknff,  Bt^iUU-iiO,  but  flnuHtlcKH  (Memltjlreff)  it  altso  con^J 
toll  11 B  Rtttti rated  oneK^  ChH,,w+i-  The  Btructure  ol  tlR>  imph tint  hydro earbuBS  iaonly  knnwal 
for  the  hmt*r  b«3iiioloKues,  but  df>«btb*is  the  dititiiictmii  Ix'twoeii  thi'  hydrrKarbnn«  of  the 
Pcnniiij'lviLniiui  and  Biiku  nnphthaiti,  boiling  ut  the  ti&me  U-mpeniture  laftcr  the  nM^uiAite  | 
refilling  by  repeated,  rat^thrxliciil  dii^tillifction,  which  can  be  very  couvenieiitlj'  done  by  I 
meanH  of  itteam,  piLstfiing  the  utt'ttm  through  tlu^  d*?njie  ma*^ — that  is,  by  meAnw  nf  rectifi- 
calion),  depends   imt  <»nly    on  the  pre domi nation   of    Hutnrated    hydrocflrlxjnH   in    tfa^l 
formcrj  and  nnpbtheiics  C„H,nr  'w  the  1  titter  Jnitidso  on  the  diversity  of  c€>iiip<iaiti<:m  im^l 
fttraetnro  of  the  cnrrespondiiig  portions  of  the  dintillation.     Tlif  prndat?tH  of  the  BaJtit  f 
naplitbti  ar«'  richer  in  earbnn  {therefore^  in  w  fliiit»hly  t'ontttrm^twl  lamp  tliey  oiij?ht  to  ^ir<^i 
n  brighter  Ugbtl,  they  are  of  grejiter  Hpecific  grdvity,  and  ha\'e  greater  iriternitl  friction  I 
(and  are  therefore  more  f^uituhle  for  lubricating  machiiierj;!  than  the  Ameriean  prodil<?ii 
collected  at  the  Hnme  temperature, 

"  The  formation  of  naphthu  fountains  (which  burst  h>rtb  af Li*r  the  higher  clity  etmL 
covering  the  Ittyers  of  Kiuitl  ioipregimtecl  with  im[ihtha  Imve  l>i»eii  bored  througln  i«  with- 
out  doubt  caused  by  the  prcHsure    or    tennion   of  tlie  cnnibiiBiible  hydroenrbon  }0ka«A.l 
which  accompany  the  naphtha,  and  itre  soluble  in  it  under  pressure.     Sotnelimes  Uiiemiti 
naphtha  fountainti  rem-h  h  height  of  UMI  metres — for  inntttuce^  the  fountain  of  1887»  nencl 
Baku.     Naphtha  fouutain^  generally  act  p-yriiKlically,  and  their  ftjrcc  diminiftbeswilh  iUm 
hip«Hi  of  time,  which  might  be  expected,  bccaa«e  the  ganes  which  cause  the  fouutiuus  filnil 
an  outltit,  and  the  nuphtha  isii&uing  from  the  bore-hole  earner  uway  the  sand  which  trap 
partially  chalking  it  upv 
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130^  and  contain  hydrocarbons  with  C^,  Cj,,*  C, ,,  d:c,,  enter  into 
the  composition  of  the  oilj  substance,  uiiiversany  usee!  for  lighting, 
caUerl  kerosene  or  photogen  or  photonaphthalene  and  other  names.  The 
specific  gravity  of  kerosene  is  from  0*7 JS  tu  0*84,  and  It  sraells  like 
naphtha.  Those  proclucts  of  the  nistilhitioii  of  naphtha  wJiich  pass  otf 
beh»w  130*^  and  have  a  specific  gravity  below  0*7o,  enter  into  the  com- 
{KJsition  of  liglit  fX'troleum  (benzoline,  bgroin,  petroleum  spirit,  d:c.) ; 
which  is  used  as  a  solvent  for  india*  rubhier^  for  taking  out  grease  spots, 
ttc.  Those  poi'tions  of  naphtha  (which  can  only  be  distilled  without 
change  by  means  of  superheated  steatn,  otherwise  they  are  largely  decom- 
posed) which  boil  above  ll75^  to  300'  and  have  a  specific  gravity  Ingher 
than  0*85,  form  an  excellent  oil,  *"*  safe  as  regards  inflamniabiJity  (which 
is  very  important  as  diminishing  the  risks  of  fire),  and  may  be  used 
in  lamps  as  an  elective  substitute  for  kerosene/'*^  Those  portion.s  of 
naphtha  which  pass  over  at  a  still  higher  temperature  and  have  a  higher 
specific  gravity  than  0*9,  which  are  found  in  abundance  (about  30  p.c.)  in 
the  Baku  naphtha,  make  excellent  lubricating  or  machine  oils.    Naphtha 

■^^  This  ia  &  »o-ciilled  iutenxiedinte  (between  kero&eiu'  And  liibricrttin>:oilia|  oil  or  pyru- 
tuLpht.  Litmp«  lire  already  bt»injf  inftiiufaetured  forborniiig  it,  bnt  fttfll  require  improve- 
mvni.  Above  nil,  however,  It  rei|uirei»  a  more  ext+^nded  niArket,  nud  at  pro^ent  i«  likely 
to  want  it  owing  to  tlie  following;  two  rentione :  {1}  The  products  of  the  AJiiericwi  petro- 
leum, which  BTe  the  moat  widely  npread  and  almosnt  universally  L'on»iimt*d,  contain  but 
little  of  tliiii  intermediate  ihI,  and  what  there  \n  is  jmrtly  in(rt»dueed  into  the  kerosene  and 
jmrtly  into  the  lubrienting^  oiU;  t*2}  the  Bivku  uttphthn*  which  if*,  eapabh?  of  yieldiup  a 
great  deal  I  up  U*  &0  p.c.)  of  iutennediate  oil,  is  produced  in  euonnoufs  i]iuantitie8,  about  l€^5 
million  |K»o<i*  Uhh7),  bnt  has  no  regular  markctH  abroad,  and  for  th©  eonHUmption  in 
RliHHia  (about  *M)  niilliotj  pehmIh  of  kerosene  j>er  annDm)  iind  for  the  limit+Hl  exjiort 
(*iO  millions  poods  [>er  annum  j  into  Wtj stern  Europe  (by  the  Trans- CauiiaHian  R*iil- 
way)  thoM!  volatile  and  more  dangerouttpartn  of  the  naphtha  which  enter  into  tlie  compo&i- 
ttotiof  tht' American  |jetroleuinure  unfficient,  Ix^cuuKe  B^iku  naphtha  yields  about  20  p.c  of 
»uch  kerosene.  For  Uuh  reaHun  pyronapht  is  not  luanufactured  in  sufficient  quauti ties,  and 
the  whok*  world  is  coiisiiuvinj<  the  nntiafe  keroniinf.  When  a  pipe  line  hm  been  laid  fnna 
Baku  to  the  Black  Sea  (in  AmericH  there  are  many  which  carry  the  raw  naphtha  to  the 
ttea-ahore,  whtfre  it  is  made  into  kerosene  and  other  products  I  then  the  whole  unvH»  of  the 
Bakti  naphtha  will  furni»di  i^afe  illuminatiufr  oik»  which^  witlumt  doobt»  will  find  an 
intmeiiiMi  application.  A  mixture  of  the  intermediate  oil  with  kerosene  or  Baku  oil  iH]>e- 
cific  (jravity  O'H-i  to  O'Hft)  may  be  coniiidere'd  (on  removing  the  Ijemsoline)  to  be  tli«  be*t 
illuminattiiK  «'!.  beoium*  it  in  Hi^fe  jfta^hing  point  from  40-  to  tVO- ),  cheaper  (Baku  napbtlia 
giv<^  AM  itmch  aM  liO  p,c.  of  Baku  oil)^  and  burns  perfecth'  well  in  lampH,  differing 
bnt  little  frtjm  tho»e  made  for  burning  American  kerosene  Itmnafe,  Dashing'  point 
ail"  Ur  -iS    to  m>'), 

^  The  fiubBtitniion  of  Bttku  pyronapht,  or  intermediate  oH,  or  Bikkn  oil  (m^  Note 
5^),  would  not  only  l>e  a  jrreat  advantage  a^  regorde  safety  from  fire,  but  would  aUo  be 
highly  eoi-inoiiiicHL  A  ton  {ft'S  poodst  of  American  crude  fietrideuni  eostn  there  at  the 
coA«t  eonniderahly  more  than  ^»,  {Vi  muVdeHjl,  and  yields  twotlnrdH  of  a  ton  of 
kerosene  «uitiible  for  ordimirv  lampa,  A  ton  of  raw  naphtha  iu  Baku  cohI^  lens  than 
4ir,  II  ronblfi  Wj  ropx'k»iK  and  with  &  pi|>e  hne  U>  tlie  nhore  of  the  Black  S^ia  would  not 
cost  more  than  H  ronldeH,  or  ll\^^,  And  a  ton  of  Baku  naphtha  will  also  yield  aa  much  ua 
iwr>-thirdt>  of  a  tt>ii  of  kerosene,  Baku  oil,  and  pyrotmpht  suitable  fo?  illiumuating 
pur|K>»ei>. 
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has  many  important  applications,  and  the  naphtha  industry  is  now  of 
greai  commercial  importance,  especially' as  naphtha  and  its  refuse  may 
be  u6ed  as  fuel.'*''  Whether  naphtha  vf-as  formed  from  organic  matter  is 
very  doubtful,  as  it  is  found-in,  the  roost  ancient  Silurian  strata  which 
correspond  with  epochs  of  the  earth^s  existence  when  there  was  little 
organic  matter  ;  it  could  not  penetrate  from  the  higher  to  the  lower 
strata  (more  ancient)  as  it  floats  on  w^ater  (and  water  penetrates 
through  all  strata).  It  therefore  tends  to  rise  to  the  surface  of  the  earth, 
and  it  is  always  found  in  highlands  parallel  to  the  direction  of  the 
mountains.^^  It  is  much  more  probable  that  its  formation  should  be 
attributed  to  the  action  of  water,  penetrating  through  the  crevices 
formed  on  the  mountain  slopes  to  the  heart  of  the  earth,  on  that  ker- 
nel of  heated  metallic  matter  which  must  be  accepted  as  existing  in 
the  interior  of  the  earth.  And  as  meteoric  iron  often  contains  carbon 
(like  cast  iron),  so,  accepting  the  existence  of  such  carburetted  iron 
at  unattainable  depths  in  the  interior   of  the  earth,  it  may  be  sup- 

•'•*  Naphtha  has  been  applied  to  heating  purposes  on  a  hirge  scale  in  Russia  only,  not 
only  on  account  of  the  low  cost  of  naphtha  and  of  the  refuse  from  the  preparation  of 
kerosene,  but  also  because  the  products  of  all  the  Baku  naphtha  do  not  find  an  outlet 
for  universal  consumption.  Naphtha  itself  and  its  various  residues  fonn  excellent  fuel, 
burning  without  smoke  and  giving  a  high  temperature  (steel  and  iron  may  be  easily 
jnelted  in  the  flame).  A  hundred  iM)ods  of  good  coal  (for  instance,  Don  coal)  used  as 
fuel  for  heating  boilers  are  equivalent  to  JM>  cubic  feet  (about  'i^O  j)0()ds)  of  dry  wood, 
while  only  70  poods  of  naphtha  will  be  required  ;  and,  moreover,  there  is  no  need  for 
stoking,  as  the  liquid  can  be  readily  and  evenly  supplied  in  the  required  (juantity.  Tlie 
economical  and  other  questions  dealing  with  American  and  Baku  i)ctroUnnns  have  been 
discussed  more  in  detail  in  some  separate  works  of  mine  (1).  Mcndelceff)  :  (1)  'The 
Naphtha  Industry  of  Pennsylvania  and  the  Caucasus,'  1H70 ;  (2)  '  Where  to  Build 
Naphtha  Works,'  1H80;  (3)  'On  the  Naphtha  Question,'  iHH'd;  (4)  'The  Btdcu  Naphtha 
■Question,'  iHBri. 

^  As  during  the  process  of  the  dry  distillation  of  wood,  seaweed,  and  similar  vege- 
table (Jtbris,  and  also  when  fats  are  decomposed  by  the  action  of  heat  (in  closed  vessels), 
hydrocar])ons  similar  to  those  of  naphtha  are  fonned,  it  was  natural  tliat  this  should 
have  been  turned  to  account  to  exi)lain  the  formation  of  the  latter.  But  the  h\i>othe8is 
of  the  formation  of  nai^htha  from  vegetable  debriH  inevitably  assumes  coal  to  bo  the 
chief  element  of  decomposition,  and  naphtlia  is  met  with  in  Pennsylvania  and  Canada,  in 
the  Silurian  and  Devonian  strata,  whicli  do  not  contain  coal,  and  correspojid  to  an  epoch 
not  abounding  in  organic  matter.  Coal  was  formed  from  the  vt;getable  (Ubris  of  the 
Carboniferous,  Jurassic,  and  other  recent  strata,  but,  judging  from  the  composition  and 
structure,  it  was  subjected  to  the  sjuue  decomposition  as  peat ;  neither  could  liquid 
hydrocarbons  have  been  formed  to  sucli  an  extent  as  we  see  in  naphtha.  If  we  ascribe 
the  derivation  of  naphtha  to  the  decomjiosition  of  fat  (adipose,  animal  fat),  we  encounter 
three  almost  insui>erable  difficulties  :  (1)  Animal  remains  would  furnish  a  great  deal  of 
nitrogenous  matter,  whilst  there  is  but  very  little  in  naphtha  ;  1*2)  the  enormous 
quantity  of  naphtha  already  discovered  as  compared  witli  the  insignificant  amount  of  fat 
in  the  animal  carcase  ;  (8)  the  sources  of  nai)htha  always  running  i>arallel  to  mountain 
chains  is  conq)letely  inexi)licable.  Being  struck  with  this  last-mentioneil  circumstance 
in  Pennsylvania,  and  tinding  that  the  sources  in  tlie  Caucasus  surround  the  whole 
Caucasian  range  (Baku,  Tillis,  (iouria,  Kouban,  Taman,  (iroznoe,  Dagestan i.  1  develoi>ed 
in  1H7()  the  hyiK>thesis  of  the  mineral  origin  of  naphtha  exi»ounded  further  on. 
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^^sed  that  iiTiplithn  was  protlucecl  hy  the  action  of  water  penetrating 
through  the  crevices  of  the  strata  during  the  upheaval  of  mountain 
chains,'"'^  l>ec;mse  water  with  iron  carbide  ought  to  give  iron  oxide 
and  hydrocarbons,'^*  Direct  expenment  proves  that  the  so-called 
upie^ahUen  (manganiferous  iron,  rich  in  cliemically-eonibin*?d  car- 
lion)  when   treated  with  acids  gives    liquid  hydrocarbons,  ■-'  which   in 

'*'  Daring;  the  uphrrtval  of  mountain  raugr/iEi  crevas*je«  would  be  formed  at  tht*  peuk^ 
wilJi  opening*  upwnrds,  and  nt  the  fm*t  of  the  niount^iiuHt  tt-ith  o|iNemng>i  downwards. 
TheiMJ  cn^ck*^  in  courtie  of  litne  fill  up,  but  the  younger  the  mountniuji  (the  Alleghany 
moutiitiius  an%  withtnit  double  mntvf  recoui;  they  i*em  formed  during  tiio  tertiary  epoch j 
thi*  (reither  the  cmckH ;  through  them  water  mtnit  gAui  access  d&ap  into  the  rcce^iM^H  of 
the  earth  to  m\  extent  thut  eouJd  not  occur  on  the  level  (ou  phiinw).  The  liiiuation  of 
niiphtha  ut  the  foot  of  mountain  cluiin«»  in  the  ]>rLneipAl  iir^iment  in  my  hy|x3thosift. 

Afiolher  fundamentiil  Fca^on  ih  the  ctiu^i deration  of  the  mean  density  of  the  eai'th. 
Ctivendtfth,  Airy,  Cornu*  and  tuauy  otherH  who  have  inveetij^ftted  tlie  *iubjoct  by  TurioUH 
meUn^idiij  found  tluit,  tnkin^  vviiter  =1*  the  ineiLii  density  of  the  eiirth  i^  nearly  %i'5.  As 
*t  the  surfurti  vriiter  tiud  nW  rtH'kn  jsundt  chiy,  limestone,  grmtite,  il'<\)  Imve  u  density  lest* 
than  8,  it  in  evident  (hh  liolid  Buhtitftnces  t^re  but  sli^jhtly  coniprestsible  even  uitder  the 
i^eute^t  preftsure)  Uuil  ui(*ide  the  eajrth  there  lure  feubstinceB  of  a  greater  deubity— 
nunely,  not  lens  tlmji  7  or  h.  What  conclusion  t  lui  then  be  arrivtsd  at  ?  StJinething 
beavy  contained  in  tlie  ho»oni  of  the  earth  munt  Im  ^watiered  not  only  on  its  Hurface*  but 
in  U»e  whole  iiolar  «ystein,  becAUse  everytliing  tendi*  to  *ihow  that  Dm  nun  and  phineLt* 
proceed  from  the  Hante  material,  and,  according'  t«:i  the  hy|MjthcsiH  of  Laplm^e  and  Kant, 
it  ii»  most  prubahle,  and  even  ouirht  to  Ij*?  held,  that  the  earth  and  pltiuetH  are  but  frag- 
ments of  Ih*?  Holar  atmosphere  which  hare  had  time  to  ctud  consuJerably  aud  become 
iQftases  Hemi-li(]iiid  iuKide  and  solid  outside,  forming  phmet*^  and  natetlite^^  The  isnn, 
amongst  other  heavy  elementii,  contains  a  ik^fmt  deal  of  iron^  a«  ahown  by  s|>ectnim 
analysis.  There  1$$  alno  much  of  it  in  un  oxidised  condition  on  the  surface  of  the  earth. 
Meteoric  fitoneH,  carried  n^  fragraenta  of  the  planet»«  in  the  aoi&r  syHteni  and  Hometimei4 
falling  upon  the  earth,  conei^ting  ol  sUieeouft  rocks  wimilar  tn  ten-estrial  ones,  often  con- 
tain  either  den&e  nnisi^ft  of  iron  Hor  example,  the  Ptdlotiovo  iron  pi*e^erved  in  the  St. 
Petersburg  Aciideniy  of  ScienreH)  or  granular  mojises  (for  in«t-ance,  the  Okhan^k  niet^y)- 
rite  of  1684 •)«  F'or  tin's  reanivn  it  is  {KiHHiible  that  the  interior  of  the  earth  coniiLtns  much 
iron  in  a  metiillie  i^tate.  This  might  be  exfxH^ted  from  th**  hy|K>theftiti  of  Laplace,  lor 
the  iron  muiit  have  been  compressed  intcj  a  hquid  at  that  period  when  the  other  c^nn- 
ponent  partn  of  the  earth  were  still  *itJongIy  heuted,  luid  oxides  of  iron  could  not  yet  lyo 
formed.  The  iron  was^  covered  with  si  age.  (mixtures  of  silicates,  like  glatts  fa»ed 
together  with  rocky  matter),  which  did  not  allow  it  to  bum  at  the  expense  of  the  oxygen 
of  the  atmosphere  and  wnter,  just  at  that  time  when  the  tetiii»eniture  of  the  earth  wa« 
very  high,  Tarban  waft  in  the  Hame  state ;  its  oxides  were  also  capable  of  dissociation 
fDerille) ;  it  is  also  but  filightly  volatile,  and  haH  an  affinity  for  iron,  and  iroti  ciu-bide  is 
fonnd  in  meteoric  Btones.  On  this  account  the  dupposition  of  the  exiiitence  of  iron 
carbidea  in  the  interior  of  tlie  earth  wa«  drawn  by  me  from  many  indications,  wome  of 
which  am  confirmed  by  tlie  fact  that  granular  pieces  of  iron  have  been  found  in  •omo 
bikftalts  (ancient  lava|  ah  well  an  in  meteoric  stones, 

***  The  following  is  the  tvpical  equation  for  thift  formation  : 

SFtMCf,-*- 4.,„K-iO  =  ftiFe^O^  (magnetic  oxidei  ^C^^H^*,. 
^  Cloex  inTestigated  the  hydroearbonti  formed  when  cast-iron  is  diaaolved  in  hydro- 
chlbnc  aeid,  and  found  C„H.^^b  and  others.  I  tfCAted  crystulhne  manganiferous  caet^iron 
witii  the  same  acid,  and  obUiined  a  liquid  mixture  of  hydr<Noarbons  exactly  similar  to 
niitural  oaphtlia  in  taste,  smell, and  reaction.  The  occurrence  of  iron  with  carbon  during 
the  forniation  of  the  earth  is  all  the  more  probable  )jccauiB>e  thow?  elements  predominate 
In  nature  which  have  Hmall  atomic  weights,  and  among  them  the  mo«t  widely-diffut«?d, 
the  most  diflicultly -fusible,  and  therefore  the  most  easily -condensed  (Chap.  XV.)  mre 


m^ 


PRINCIPLKS  OF  CHEMISTUY 


composition,  appearance,  and  properties  are  completely  ifientical    with 
naphtha/*** 

ti-itrbtm  uiid  iron.     They  pft»»e>di  into  the  liquid  stiite  whim  all  fompoiiiKls  were  at  ti  lem- 
liorature  of  dinidCKiiiitinii. 

••*  Prubiibly  tiiiphtho.  was  produced  doring  the  nidieaval  of  *U  iiiountititi  oimins^  bat 
only  in  some  co.Ke*i  were  tlie  condjtirtns  favourable  to  its  boing  preserved  tiudt^i^n^aiKL 
The  wttier  fjeiietrating  bcdow  formed  there  a  mixturn  of  naphtha  and  watf ry  vaiioar«f 
ojid  thin  mixture  iHBn*?i]  thrnugh  HHsureH  to  tbts  cold  part«  of  the  ottrth'ft  crust.  Th© 
naphtha  vapoura,  ou  condi>iii»iiiig,  foriu*^!  naphtha,  which,  if  there  vie  re  no  oUtttncle*, 
ap^ieared  on  the  sarfaoe  of  land  and  water.  Hore  part  of  it  Koaked  t}iroii{;h  formatimis 
jperhapt*  the  b«taminou«  nlatefi,  sehiHtH,  douiit*"H,  Ac,  were  tliUH  formed),  another  lJ*rt 
wafi  carried  away  on  the  w*ter»  becmiie  oxidii^ed,  evaporated,  and  waa  driven  Ur  Use 
ahoreii  {the  Caucasian  naphtha  probably  in  this  way,  during  the  existent  e  of  the  Arw-lo- 
Caspian  aea,  was  carried  as  far  as  the  SiRran  bmnks  of  the  Volga^  where  many  t>tnita  are 
imprej^nafced  with  naphtha  and  products  of  it«  oxidation  rettemhlin^  aHphalt  and  piirh,«; 
u  gfreat  part  of  it  wan  burnt  in  one  way  or  another— tliat  is,  gives  earKmit-  anhydride  and 
water.  U  the  mixture  of  vaixjurs,  water,  and  naphtha  formed  inr<ide  the  earth  had  no 
free  outlet  to  the  nurface,  it  «everthele*ji  would  find  itf^  way  thronyh  |]«eur«a  to  the 
auperior  and  wider  strata,  atid  there  become  condenweti  Home  of  the  fiirmntionn  (clays) 
which  do  not  abnorb  naphtha  were  only  washed  away  by  the  warm  water,  and  formed 
mud,  which  we  aIho  now  obtw  rve  i«i4uing  from  the  earth  in  the  form  of  mud  %'olcaiioe«^ 
Ail  the  subnrbR  of  Baku  lind  the  whole  of  the  Caueasm*  in  the  neigh  Ik  iiirhnod  of  the 
naphtha  diatricti*  are  full  nf  BUth  vokiuioea,  still  from  time  to  time  in  a  itiate  of  enipiionT 
In  ohl  naphtha  beda  (nuch  a*  the  Penii»ylvaiiian)  oven  these  hloW'hole<4  are  cloaed,  anil 
the  mud  vok^anoet*  have  had  time  to  he  wanlied  away.  The  naphtha  and  the  ga«tfoO* 
hydroGarbona  formed  with  it  under  the  prensure  of  the  overlying  earth  and  water  im- 
pregnated the  layers  of  aaiid«  which  ure  capable  of  absorbing  a  g^reat  tpiantity  of  auch 
liouidt  and  if  above  thn^  there  were  litrata  impermeable  to  naphtha  (denee,  clayey,  da 
Ktrata)  the  naphtha  would  accntnulat'e  in  them.  It  m  thm»  pretterved  from  renicte  | 
Injricftl  periods  up  to  tlie  present  day,  compreaiMiid  and  dt^t^ilviHl  under  the  [»re*»eore  i 
the  s»iieB  which  burHt  out  in  placets  forming  na[>htha  fouutaiuH.  If  thiK  he  grantedl^l 
mav  be  thought  that  in  the  com];>arattvely  new  (geologieaiiy  apeoking)  itiountain 
auch  a&  the  Caucasian^  naphtha  is  even  now  being  forme<L  Such  a  imppo«iti 
mav  explain  the  remarkable  fact  that^  in  Pennsylvania,  localitleH  where  naphtha 
been  rapidly  worked  for  Hve  yearA  have  become  exhausted,  and  it  hecx)niea  neceHaarjrl 
coniitantly  have  recouriw  to  i*inking  new  wells  in  fresh  places.  Thu«,  from  the  yeiir  IH 
the  workings  were  gradually  triuinferred  along  a  line  running  parallel  to  the  Allegbdi 
moantains  for  a  distance  of  more  than  2110  tnilen,  whilat  in  Baku  the  induHtry  i 
from  time  immemorial  (the  Per»ians  worked  near  the  village  of  Ballaghami)and  up  to  t 
nretient  time  keeps  Ut  one  and  the  same  place.  The  afnottots  of  tlie  Pennaylvaiiian 
Baku  annual  onipntH  are  at  present  equal — namely,  nbout  150'  miiliLin  jioodH  {'J|  rmlljl 
toiiH).  It  may  be  that  the  Baku  beds»  an  being  of  more  recent  geological  fomuLtioii, 
not  m  eihauwted  by  nature  a»*  tho»e  of  Peunf^ylvania,  and  perlmpB  m  the  iteighbourha 
of  Baku  naphtha  jk  wtill  lieing  formed,  which  is  partially  indicated  by  tho  con  tin  u 
actirity  of  the  mud  vf^lcanoe8.  As  nmny  varieties  of  naphtha  contain  m  Holution 
atightly  volatile  hydrocarhonh  like  paralTin  and  miiiend  wax,  the  prtnluetion  of  ozoctsrii 
or  mountain  wax,  \n  acctmnted  for  in  coiijonction  with  the  fttrmation  of  iiaphtl 
Otocerite  it  found  in  tralicia,  al«o  in  the  iieighlKJurhiiod  of  NovoroMiiisk,  in  the  CiuicaMd 
lUld  on  the  ietlandM  of  the  Caapian  Sea  (particularly  in  the  Chib^ken  and  Holy  I^and 
it  is  met  with  in  large  maKMes,  and  is  UHed  for  the  production  of  paraHin  and  cm 
for  the  moimfocture  of  eandk'«,  and  Himilar  purjicmes, 

A»  the  naphtha  treanurea  of  the  CaueaHUR  are  hardly  broached  (near  Baku  und  J 
Kouban  ami   Novortmwisk),  and  as  naphtha  fiiidn  manifold    tisen,  tlie   subjecit 
nuMti  interesting  features  to  chemists  and  geotogiHts,  and  is  worthy  of  the  elosi 
^  ^ion  of  pmoiical  men. 
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CHAPTER  IX 


COMPOUNDS   OF   CARBON    WITH    OXYflEN   ANl>   NITROOKK 


Carbonic  anhydride  (or  cvu'boiiit'  acid  or  cafboii  dioxide,  CO,,)  wa 
the  first  of  all  gases  distingaished  tVoiu  atmospheric  air,  Paracelsus 
and  Van  Helmont,  in  the  sixteenth  eentury^  knew  that  on  heating 
limestone  a  particular  gas  separated,  which  is  also  formed  during  the 
alcoholic  fermentation  of  saccharine  solutions  (for  instance,  in  the 
manufacture  of  wine)  ;  they  knew  that  it  was  identical  with  the  gas 
wliich  is  produced  by  tlie  condjustion  of  charcoal,  and  that  in  some 
cases  it  is  found  in  nature.  In  course  of  time  it  was  found  that  this 
gas  is  absorbed  by  alkali  and  satui'ates  it,  farming  a  salt  which,  under 
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the  action  of  t  i  tgain  yields  this  s.unr  -^a^,  Priestley  found  that, 
this  gas  exists  in  air,  and  Lavoisier  determined  its  formation  during 
respiration,  cond»ustion,  putrefaction^  and  during  the  reduction  of 
metals  by  charcoal  ;  he  determined  its  composition,  and  .showed  that  it 
only  contains  oxygen  and  carhon.  Berzelius,  Dumas  with  Stas,  and 
RoBCoe,  determined  its  composition,  showing  that  it  conttiins  twelve 
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parts  of  carbon  to  thirty-two  of  oxygen.  The  composition  by  volume 
of  this  gas  is  determined  from  the  fact  that  during  the  combustion  of 
charcoal  in  oxygen,  the  volume  remains  unchanged ;  that  is  to  say, 
carbonic  anhydride  occupies  the  same  volume  an  the  oxygen  which  if 
contains —ihzX  i^  the  atoms  of  the  carbon  are,  so  to  speak,  squeezed  in 
between  the  atoms  of  the  oxygen.  O2  occupies  two  volumes  and  is  a 
molecule  of  ordinary  oxygen  ;  CO^  likewise  occupies  two  volumes,  and 
expresses  the  composition  and  molecular  weight  of  the  gas.  Carbonic 
anhydride  exists  in  nature,  both  in  a  free  state  and  in  the  most  varied 
compounds.  In  a  free  state  it  is  always  contained  (Chap  V.)  in  the 
air,  and  in  solution  is  in  all  kinds  of  water.  It  is  evolved  from  vol- 
canoes, from  mountain  fissures,  and  in  some  caves.  The  well  known 
Dog  grotto,  near  Agnano  on  the  bay  of  Baiae,  near  Naples,  is  the 
best  known  example  of  such  an  evolution.  Similar  sources  of  carbonic 
anhydride  are  also  found  in  other  places.  In  France,  for  instance, 
there  is  a  well-known  poisonous  fountain  in  Auvergne.  It  is  a  round 
hole,  surrounded  with  luxurious  vegetation  and  constantly  evolving 
carbonic  anhydride.  In  the  woods  surroundin<;  the  Lacher  See,  near 
the  Rhine,  in  the  neighbourhood  of  extinct  volcanoes,  there  is  a  de- 
pression constantly  filled  with  this  same  gas.  The  insects  which  fly  to 
this  place  perisli,  animals  being  unable  to  breathe  this  gas.  The  birds 
chasing  tlie  ins(;cts  also  die,  and  this  is  turned  to  profit  by  the  local 
peasantry.  Many  mineral  springs  carry  into  the  air  enormous  quan- 
tities of  this  gas.  Vichy  in  France,  Spriidel  in  Germany,  and  Narzan 
in  Russia  (in  Kislovodsk  near  Piatigorsk)  are  known  for  their  car- 
bonated gaseous  waters.  Mucli  of  this  gas  is  also  evolved  in  mines, 
cellars,  diggings,  and  wells.  For  this  reason  sometimes  people  descend- 
ing into  such  places  are  suffocated  and  die.  The  evolution  of  carbonic 
anhydride  in  the  earth  is  accounted  for  by  the  slow  oxid«ation  of 
orgcinic  matter  underground.  The  combustion,  putrefaction,  and  fer- 
mentation of  organic  substances  give  rise  to  tlie  formation  of  cai'bonic 
anhydride.  It  is  also  introduced  into  the  atmosphere  during  the  respi- 
ration of  animals  at  all  times  and  during  the  respiration  of  plants 
in  darkness  and  also  during  their  growth.  Very  simple  experiments 
prove  tlie  formtation  of  carbonic  anhydride  under  these  circumstances  ; 
thus,  for  example,  if  the  air  expelled  from  tlie  lungs  be  passed 
through  a  glass  tube  into  a  transparent  solution  of  lime  (or  baryta) 
in  water  a  whit<^  precipitate  will  soon  be  formed  which  contains  an 
insoluble  compound  of  lime  and  carbonic  anhydride.  If  a  funnel 
be  held  over  a  substance  in  a  state  of  combustion  -for  in.stance, 
over  a  lighted  candle  or  brazier — and  the  air  be  collected  from  it  by 
means  of  an  aspirator,  the  presence   of   a  large  amount  of  carbonic 
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anhydride  in  this  air  may  be  detected  by  its  action  on  lime  water. 
By  allowing  the  ^eeds  of  plants  to  grow  under  a  bell  jar,  or  in  a 
closed  vessel,  the  formation  of  carlxmic  anhydride  may  he  similarly 
confirmed.  By  forcing  an  animal,  for  instance  a  mouse,  to  remain 
under  a  bell  jar^  the  quantity  of  carbonic  acid  which  it  evolves  may 
be  exactly  determined,  and  it  will  be  found  to  be  many  grams  per  day 
lor  a  mouse.  Such  experiments  on  the  respiration  of  animals  have 
been  eiIso  made  witfi  great  exactitude  with  large  animab,  such  as 
men,  bulls,  sheep»  <i:c.  By  means  of  enormous  heraietically-closed  bell 
receivers  and  the  analysis  of  the  gases  evolved  during  respiration  it 
was  found  that  a  man  expels  about  900  gmms  (more  than  two 
pounds)  of  carbonic  anhydride  per  diem,  and  absorbs  during  this  time 
700  grams  of  oxygen.'     It  must  be  remarked  that  the  carbonic  anby- 

'  The  ([nniitity  of  carbonic  add  fffts  pxhalcd  by  a  mani  diiriiij;  Uie  twenty- four  boars 
ifi  not  evenly  distributed ;  during,  the  iiii!;ht  wore  oxygen  m  Uken  in  thtui  during  the 
day  <by  nighty  in  twelve  boura,  about  450  grariiit),  and  more  e&rbonic  anbydriile  i&  ^epii- 
rated  by  day  than  diirin>;  night-time  and  repo&e;  thus,  of  the  IIOO  graniH  fieparated 
dnriiig  the  twenty-four  hour^  abont  37l»  are  given  out  during  tlie  night  and  525  by  day. 
This  depends  on  the  separation  of  carbonic  anhydride  during  any  kind  of  work  per- 
formed by  the  man.  During  the  day-time  bis  activity  in  many  resjieots  is  comparatively 
greater  than  by  night.  Every  movement  if^  the  result  of  some  change  of  matter,  becaniie 
force  cannot  be  prodnood  by  itftelf  (in  accordance  with  the  law  of  the  conHervatiuii  of 
energy )«  Proportionally  to  the  amount  of  carbon  consumed  an  amount  of  force  ia  stored 
up  in  the  or;ir<^ni!im  and  ia  eonaumed  in  the  variouei  movementni  [>erfonnerl  by  animalti. 
Thin  in  proved  by  the  fact  that  during  worktime,  in  twelve  boura,  a  man  exhales  iHH) 
grams  of  carbonic  anhydride  iuHtead  of  5'i5,  abgf^rbing  the  &ame  amount  of  oxygen  ati 
before*  In  a  working  diiy  *  man  exhalcfi  by  night  almont  the  f^ame  amount  of  oarbouiG 
anhydride  a»  in  a  day  of  reut,  00  that  during  a  total  twenty-four  hour^'  work  a  man 
eihalefi  ab<iut  lilOO  gnmis  of  civrbonic  anhydride  and  abaorb^  about  W50  gramf)  of 
cxygen*  Thtirefore  in  work  the  change  of  matter  increase*.  The  carbon  expended  on  the 
work  is  obtained  from  the  food ;  on  thi*t  account  the  food  of  animaln  ought  certainly  to 
contain  carbonaceouK  euh^tances  capable  of  dissolving  under  th»  action  of  the  digeative 
fluids,  and  of  pa^tiing  into  the  blood,  or^  in  other  words,  capable  of  being  digefiltid.  Such 
food  fur  man  and  all  other  animolf  is  formed  of  vegetable  matter,  or  of  parts  of  other 
anCmald.  The  latter  in  every  case  obtain  their  ctarbonaceouii  matter  from  plants,  in 
which  i(  ifi  formed  by  the  reparation  of  the  carbon  from  the  carbonic  anhydride  taken  up 
during  the  day  by  the  respiration  of  the  plants.  The  green  part^i  of  plants  during  tho 
day  absorb  the  carbonic  anhydride  of  the  air,  and  find  it  ample  notwithj^ianding  the 

1  ptojM>rtion  of  it  in  the  air,  and  give  out  oxygen.  The  volume  of  tht*  oxygen  exhaled 
is  almoat  etinal  to  the  volume  of  the  carbonic  anhydride  absorbed ;  that  i^  to  «ay,  nearly 
•11  the  oxjigen  entering  into  the  plant  in  the  form  of  carbonic  aidiydride  is  separated  in 
a  free  stale,  whilst  the  carbon  from  the  carbonic  anhydride  remains  in  the  plant.  At 
the  same  time,  the  plant  absorbs  moisture  by  its  leaveH  and  roots.  By  a  process  which 
IB  unknown  to  ua,  this  absorbed  moisture  and  carbon  remaining  from  tke  carbonic  acid 
enter  into  the  com{K)fiition  of  the  i>lantKi  in  the  form  of  so-trailed  carbohydrates,  com- 
posing the  greater  part  of  the  vegetable  tissnes,  starch  and  ct*lluloae  of  the  campositiou 
CftHjoOj  lietng  representatives  of  them.  We  may  represent  their  composition  as  a  com- 
pound of  carbon  remaining  from  carbonic  acid  and  water,  OC  ^  5H  ,0.  In  this  way  a 
circutatioH  of  the  carbon  goes  on  in  nature  by  means  of  vegetable  and  animal  organi^ms^ 
in  which  changes  the  principal  item  is  the  carbonic  anhydride  of  th«  air. 
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dride  of  the  air  constitutes  the  fuiidamenta.1  food  of  plants  (Chaps.  ITI,^ 
v.,  antl  VIII,).     Carbonic  anhytlridei  in  a  st^te  of  combination  with 
most  varied  substances,  is  perhaps  even  more  widely  difiused  in  uatuii 
than    in    a  free   state.      Some   of   these  substances  are  very  stableJ 
and  form  a  large  portion  of  the  earth's  crust.     In  this  state  cnrlionifl 
aidiydride    eiiter^   into   the   composition  of    limestones.      Limestone 
calcium  carbonate  CaCO;,,  were  formed  as   precipitates   in   the 
existing  previously    on  the   earth  ;  this   is   proved  by  their  strattfiec!' 
structure    and    the   number   of    I'emains   of   sea   aniuials    which    they 
frequently  contain.     It  may  be  concluded,  judging  from  the  enormous 
quantity  of  these  limestones,  that  the  amount  of  carbon  in  the  form  of 
carbonic  anhydi'iile  in  the  ataiosphere  was   in  fonner  periods  much 
greater  than  at  pi'esent.     Chalk,  lithographic  stone^  limestone,  marls  (al 
mixture  at  Hme^stone  and  clay),  and  many  other  rocks  are  examples  ot 
such  sedimentary  formations.       Carbonates  with  various  other  base^ — I 
such   as,  for    instance,  magnesia,  ferrous   oxide,  zinc   oxide,  Jce. — arol 
often  found  in  nature.     The  shells  of  molluscs  have  also  the  composi-l 
tion  CaCO^,  and  many  limestones  were  exclusively  formed  from  the  I 
shells  of  minute  organisms. 

For    the    preparniion  of  carhonic   nuhf/dride   in   laboratories    and] 
often   in  manufactories,  various  kinds  of  calcium  carbonate  are  used«| 
being  treated  with   some  acid  ;  it  is,  however,  most  usual  to  employ  1 
the  so-called  muriatic    acid — that  is,  an   aqueoiis  solution    of  hydro- 
chloric acid,  HCl — because,  in   the  lirst  place,  the  substance  formedtj 
calcium  cbloride,  CaCL,  is  soluble  in  water  and  does  not  hinder  the 
further  action   of  the  acid  on   the   calcium   carbonate,  and   secondly 
because,  as  we  shall  see  fui-ther  on,  muriatic  acid  is  a  common  productrj 
nf  chemical  works  and  one  of  the  cheapest.     For  calcium    carbontite,| 
either  limestone,  chalk,  or  marble  is  used.'^ 

CaCO,  +  2HCl=CaCla  +  H^O  +  COj. 


*  Otlier   acids  may  be  used  ijinitMid  of  b jdrwehloric ;   for  inftt«nce,  ftoetic,  or 
sulpburicj  althougli  tbi-d  latter  is  not  **nitiible,  berims^  it  forniH  um  a  product  insoluble 
calpium  Hulphftte  (g>T^fltim)  surrounding  the  untouched  cftitium  curbonftte,  and  t)tii6  |>i^- 

ventiiif;  &  furtlier  evolution  of  t^ne.    But  if  porous  liineHtune — for  intitanoe,  dia.Ue bo  \ 

treated  with  sulphuric  acid  ilikitf^d  with  an  eqtia]  volume  of  water,  the  latter  is  iibBorht*d  i 
and,  acting  on  the  muHH  of  tht*  aaJt^  the  ©volution  of  carbon ic  anhydride  coutmuea  o%'i?nly  I 
for  a  long  time,  liiet-ead  of  calcium  carbonftte,  other  carbonatea  may  of  course  Ihj  usimI; 
for  instance,  wawhing-tM^dft  Nn^CO^^,  which  in  of  ton  thotien  wht^n  it  is  required  to  produuo  a  1 
rapid  atreani  of  carbonic  anhydride  (for  csxamplp,  for  liquefying  it).  But  natural  crvKtal'  I 
line  magnesium  eiirboFiate  and  Miraiiar  stiUs  arc  with  diffifulty  deeomfM^ued  by  hydro* 
chloric  and  eulphunc  acidw.  When  for  manufatturiug  purptjgeB — for  intstance,  in  pre*  1 
oipitating  lime  in  suj^ar-works— w  large  quantity  of  carlwnic  at*id  gaa  is  rccjuired*] 
generally  charcoal  is  burnt,  and  the  product*  of  combust  ion,  rich  in  carbonic  auKvdrido  1 
M«  pumped  into  the  hquid  containing  the  lime,  and    the  carbonic  anhydride  i'ii  thus  I 
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The  nature  of  the  reaction  in  this  t*ase  is  the.  same  as  in  the  decom- 
position of  nitre  by  sulphuric  acid  ;  only  in  the  latter  case  a  hydrate  is 
fonoaed,  but  in  the  former  an  anJiyflride  of  the  ucid,  because  the 
hydi-ate,  carbonio  acid,  H,2C03,  is  unstable  an«i,  as  soon  as  it  sepanttes, 
decomposes  into  water  and  its  own  anhydride.  It  is  evident  from  the 
explanation  of  the  cause  of  the  actitm  tjf  sulphuric  acid  no  nitre  that 
not  every  acid  can  be  employe<l  for  obtaining  carbonic  anhydride  ; 
namely,  those  will  not  set  it  free  which  chemically  are  but  slightly 
energetic,  or  those  whiclj  are  iosi>luble  in  water,  or  ai'e  themselves  as 
volatile  as  carbonic  aiJiydride,^  But  as  almost  all  the  known  acids 
are  characterised  by  their  great  solubility  in  water  and  are  less  volatile 
than  carbonic  anhydride,  the  latter'  is  evolved  by  the  action  of  most 
acids  on  its  salts,  and  this  reaction  takes  place  at  ordinary  tempera* 
tures,  provided  the  acid  be  soluble  in  water  *ind  that  the  calcium  salt 
formed  is  also  soluble  in  water. ^ 

For  the  pi-eparatioij  «jf  carbonic  anhydride  in  laboratories  marble  is 
generally  used.  It  is  placed  in  a  Woulfe's  bottle  and  tre-nted  with  hydro- 
chloric acid  in  an  apparatus  similar  to  the  one  use^l  for  the  pt'oduction 
of  hydrogen.  The  gas  evolved  carries  away  through  the  tube  part  of 
the  volatde  hydrochlunc  acid,  and  it  is  tbei-efore  necessary  to  w'ash  the 
gas  by  passing  it  through  another  Woulfe's  bottle  containing  water.     If 

abfinrT>er1.  Another  method  in  dJso  practised,  which  cousists  in  using  the  narbonic 
atihydriflu  ^^parated  iluriug  fenueDtaiioii,  or  that  ovolved  from  Hme-kilnn.  During  the 
lermen LtUion  of  Hwe*tt-wt»rt^  tfrafje-juice,  and  other  »iiiiilar  sibccharine  sohitionH,  the 
^]vLcoHe  (.'crl{j^(0e  c)mng<fn  under  the  inflnence  of  the  yeatst  organiiini,  fcimiiD|^  alcohol 
(*iC>HoOt  imd  carlKUiic  anhydridfi  (2CO.j),  which  separated  in  the  form  of  gas;  ii  the 
fertuBUtaiion  |vrr>e^i,>dn  in  eloHid  bottles  Kparkliiig  wine  is  obtained.  When  carbonic 
acid  i^afi  in  ]ireii&red  for  saturating'  water  and  other  beverages  it  ia  necessary  to  u»e  it 
in  a  pure  state.  Whilst  in  the  state  in  which  it  in  evolved  from  iirdinary  liniestonea  by 
the  aid  of  acids  it  containK,  beHidett  a  certain  quantity  of  mud,  the  organic  matterfi 
of  the  limestone;  in  order  to  diniiuitih  the  quautity  of  tlieAe  Mub«tauceii  the  dentiet$t 
kindii  of  doloniiten  are  used^  which  contain  les«  or^Ornic  nmtter,  and  the  gaa  fonned 
i»  pHiiiBed  tltrough  variouM  wai^hing  apparatus,  and  then  thruuj^h  a  Holution  of  pot4us- 
aium  pentiaiiganate,  which  absorbft  organic  matter  «uid  does  not  take  up  caiboniu 
muhjdride. 

*  HypochlwrouH  jw^id,  HCIO,  and  its  anhydride,  Cl^O,  do  not  disphice  carbon  ie  aoid,  fttid 
hydrogen  sulphide  luiM  the  »anie  relation  to  carbonic  acid  ai^  nitric  add  to  hydrut^hloric — 
an  exci^a  of  either  one  displaces  the  other. 

^  Thus,  in  prepariug  the  ordinary  efFerve^cinjf  powders,  ftodiuiu  bicivrbtjuatti  ior 
<A<^)d  carbonate  of  sodaf  is  UKted,  and  mixed  with  powdered  citric  or  tartaric  acid.  In  a 
dry  state  these  powders  do  not  evolTo  carbonic  auhydride,  but  when  luixed  with  u  ater  tb^ 
«evolutioii  takes  plu^e  briskly,  which  m  cJue  to  tht^  Bubatiyice  panning  into  t^ulutiou.  The 
«altH  of  carbonic  (M.'id  may  be  recognised  from  tlie  fact  that  they  evolve  carbonic  acid 
with  A  hissini^  uoims  when  treated  with  acida.  If  vinegar^  which  contiiin&  acetic  acid^  be 
poured  upon  lituest'une,  marble,  mahicliito  (contaiuM  copper  carbonate),  t&c  carbonic 
•auliydnde  i»  evolved  with  a  hissing  noise.  It  is  necessary  to  remark  that  without  the 
preaeiioe  of  water  neither  hydrocliloric  acid,  nor  e\im  sulphuric  acid  iwf  acetio  ibcidf  act« 
on  limeaUme.    We  ahall  refer  to  this  hereafter. 
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clrideof  theair  conBtitxites  the  ftnidaniental  food  of  plants  (Chaps.  III., 
v.,  and  VI I L).  Carbonic  aiihjdnde,  in  a  stAte  of  combination  with 
most  varied  substances,  is  perhaps  even  more  widely  diffused  in  natur 
than  in  a  free  state.  8ome  of  these  substances  are  very  stable 
and  form  a  large  portion  of  the  earth's  crust.  In  this  state  carljoni^ 
ajihydrkle  enters  into  tlie  composition  of  limestones.  Limestone 
calcium  carbonate  CaCO;i,  were  formed  as  precipitates  in  the  se^ 
existing  previously  on  tlie  earth  ;  this  is  pro\'ed  by  their  sbratifie 
structure  and  the  number  of  remains  of  sea  animals  which  thej 
frequently  contain.  It  may  he  concluded,  judging  from  the  enonnou 
quantity  of  these  limestones,  that  the  amount  of  carbon  in  the  form 
carbonic  anbydritle  in  the  atmosphere  was  in  former  periods  muc 
greater  than  at  present.  Chalk,  lithographic  stone,  limestone,  marls  (a 
mixture  of  limestone  and  clay),  and  many  otiier  rocks  are  examples 
such  sedimentn.ry  for'uiations*  Carbonates  with  various  other  bases - 
such  as,  for  ins  tan  ce,  magnesiaj  ferrous  oxide,  idnc  oxide,  ifcc, — ar 
often  found  in  nature.  The  shells  of  molluscs  ha\'e  also  the  composiJ 
tion  CaC<>3,  and  many  limestones  were  exclusively  formed  from  th^ 
shells  of  inir>ute  organisms. 

For  the  prf'purfttion  of  vatbouic  tinhj/dride  in  laboi-atoriea 
often  in  manufactories,  various  kinds  of  calcium  carbonate  are  use 
being  treated  with  some  acid  ;  it  is,  however,  most  usual  to  emplc 
the  80-called  munatic  acid — that  is,  an  aqueous  solution  of  hydr 
chloric  acid,  HCl — ^because,  in  the  first  place,  the  substance  forme 
calcium  chloride,  CaCl^,  is  soluble  in  water  and  does  not  hinder  th 
further  action  of  the  acid  on  the  calcium  carbonate,  and  secondli 
because,  as  we  shall  see  further  on,  muriatic  acid  is  a  comoion  produci 
of  chemical  works  and  one  of  the  cheapest.  For  calcium  carbonat 
either  limes  tone »  chalk,  or  marble  Is  used,^ 

CaCOa  +  2HCI = CaClj  +  HaO  +  COj. 


'  Other  actde   miiy  be  ueed  iiiftt«ad  of  liydrochlorin ;    for  mfitunoe,  iboeiict  or  «t 
Bii1pliuri<;,  alihoagh  thJH  tntter  ie  not  nui table,  beL'aQae  it  fornix  as  n  product  ItiaolubU 
calciiirn  Hulpluite  (^jf>8iira}  ftinroaiiding  the  iintonehed  calinuni  c&rboimte,  and  thus  pr 

venting  a  further  evitlntioii  t»f  gas.     But  if  porone  limestone— for  in^taucef  clmlk b 

treated  with  Hulpburic  atnd  diluted  with  un  equal  volume  of  water,  the  latter  is  absorb 
and,  acting  on  tho  imaAs  of  the  aalt,  tlie  tn^olution  of  carbonic  anhydride  eontiunes  eviMilf 
for  a  long  time.  liiutuod  of  c&tciam  carbonate,  other  carbonates  muy  of  courj^c  be  uwhIj] 
for  infitonce,  wasliing'KOfla  Na^CO^,  whicli  ia  often  €hosi»o  vrhen  it  i«  retjuired  to  prodnc«| 
rapid  stream  of  earbouie  aiibj  dride  (for  exampltt,  for  litpi»?fyin^  itL  But  imtural  cnut^ 
lino  magnettium  earbonate  and  Hiniilar  fialts  are  with  difficulty  deeompoBed  by  hjd 
nblortc:  and  Bulfdmrio  acidn.  When  for  ntanufacturtiig  purposes — for  iiit^tanoe,  in  pt< 
cipitating  lime  in  sugarworka— a  largti  quimtity  of  c^irl>onic  aeid  gas  is  re^juitvdl 
generally  charcoal  ia  burnt,  and  the  products  of  combustion,  rich  in  c&rbonic  auhydrida 
are  piiui[icd  into  the  liquid  containing  tlie  lim<i,  and    Iha  carbonic  anhydride  t«  tbq 
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The  nature  of  the  reaction  in  this  case  is  the  same  as  in  the  decom* 
position  ut  nitre  by  sulplmcie  acid  ;  ordy  iii  the  latter  case  a  hydrate  h 
f^n'nied,  but  in  the  fLjrmer  an  anJiydride  of  the  acid,  because  the 
hydratt%  carbonic  acid,  H^CO^,  is  unstable  and*  as  soon  as  it  sepai'at€s, 
decomposes  into  water  anrl  its  own  anhydride.  It  is  evident  from  the 
explanAtion  of  the  cause  of  the  action  of  sulphuric  acid  on  rutre  that 
not  every  acid  can  be  eiiiploye<l  for  obtaining  carbonic  anhydnde  j 
nnmelyt  those  will  not  set  it  free  which  chemiailly  are  but  slightly 
energetic,  or  those  which  are  insolulde  in  wat*r,  or  are  themselves  as 
volatile  ais  carbonic  anhydride,^  But  as  almost  all  the  knuwn  acids 
are  characterised  by  their  great  solubility  In  water  and  are  less  volatile 
than  c^irl>onic  anhydridej  the  latter  is  evolved  by  the  action  of  niost 
acids  on  its  salts,  and  this  reaction  takes  place  at  ordinary  tem|>era- 
tures,  provided  the  acid  be  soluble  in  water  and  that  the  calcium  salt 
foiTued  is  also  solul>le  in  water'' 

For  the  preparntion  itf  carbonic  Anhydride  in  laboratories  marble  is 
generally  used.  It  is  plaeeil  in  a  Woutfe's  bottle  and  treated  with  hydro- 
chloric acid  in  an  apparatus  similar  to  the  one  useU  for  the  production 
of  hyd Imogen.  The  gas  evolved  carries  away  through  the  tube  part  of 
the  volatile  hydrochloric  acid,  ancl  it  is  therefore  necessary  to  wash  the 
g&s  by  passing  it  through  another  Woulfe's  bottle  containing  water.     If 

absorbed.  Another  method  te  idsti  prucLi4«*d«  which  cunsiHtd  in  oamg  the  enrhunio 
anhydride  sep«irHted  durijig  fi]>mientii.tion,  or  that  evolved  from  lime-kUnH,  During  the 
fermeniivtion  of  HW«etwort,  grafw-juiL't^  uiiij  uthvr  Bimdajr  i»ac'tj]itt.rine  AuUitionH,  thia 
glucose  CgHj-jOfl  L'lningeH  under  tlie  inlluenee  n(  the  yeattt  «rj<iuiieni,  forming  iik:cihal 
(2C.jHeO)  and  carlKjnic  anliydride  (aCOj)^  which  s«|mrute8  in  the  form  of  giis;  if  the 
fenneotaiion  proceeds  in  eluscd  l^otllts  ti{>itrkling  v^ine  is  obtuined*  When  tiirl^juic 
neid  gas  is  iirepartid  for  saturiiting  water  and  othtsr  l}eTerageN  it  is  necessary  to  nne  it 
in  u  }iur«!  «Uite.  Whilst  in  tiie  fitate  in  which  it  i»  evolved  from  ordinary  hmeHlones  by 
the  aid  of  acidA  it  coutaiiiH^  besides  a  certain  quantity  of  acid^  the  orgmiic  mattena 
of  the  htnestone;  in  order  to  diminjKh  the  quantity  of  tlie^  Mulmtancea  the  densest 
kinds  of  dolomites  are  uAed,  which  contain  Utm  organic  matter,  iind  the  ^as  fonned 
is  pkftfted  through  various  waHhinx  apfiiirattits  imd  then  through  a  eolutiou  of  potaa- 
sittm  permanganate,  which  ab^rbu  organic  tnntter  and  does  not  take  up  carbonic 
anhydride. 

^  Hypochlorous  acid,  HCIO,  and  its  anhydride,  Cl^O,  do  not  displace  carbonic  ibcid,  and 
hydrogen  Rulphidc  hmn  the  same  relation  to  carbonic  acid  a«  nitric  acid  to  hydrochloric — 
an  eicoess  o(  either  one  dii$places  the  other. 

*  ThUA,  in  preparing  tlie  ordinary  effervescing  ponders,  sodium  bicarbonate  (or 
acid  carbonate  of  ftoda^  is  used,  and  mixed  nvith  powdered  citric  or  tartaric  acid.  In  a 
dry  state  these  powder*  do  not  evolve  carbonic  anhydride,  bm  wht  n  mixed  with  water  the 
evolution  take^  plac^e  briskly,  wWch  is  due  to  the  subntaiue  puKxin^  into  »olutioQ.  The 
^altB  of  carbonic  acid  may  be  recognised  from  tiie  fact  that  they  evolve  carbonic  acid 
with  a  hitising  noise  when  treated  with  acids.  If  vinegar,  wliich  cfjtitains  acetic  acid»  b© 
poi»red  upon  limestone,  miUfble^  nialacliite  (contains  copjter  carbonate)^  ti'c*,  carbonic 
Anhydride  is  evolved  with  a  liistiing  noise.  It  is  neceiiiiary  to  remark  that  without  the 
presence  of  wat4:>r  neither  hydrochloric  acid^  nor  ev*en  sulphuric  aoid  nor  acetic  acid^  acta 
on  limegtone.     We  shall  refer  to  tliis  hereafter. 
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it  be  necessary  to  obtain  dry  cnrboiiic  anhytiride,  it  must  be 
through  chloride  of  calcium/'^ 

Carbonic  auliydride  may  also  be  prepared  by  heating  many  of  thl 
salts  of  carbonic  acid  ;  for  inst^ince,  by  heating  magiiesitim  carljonat 
MgCO;j  (in  dolomite),  the  separsition  is  easily  etiected,  pirticularly  in  tl 
presence  of  the  vapours  of  wateir.  The  acid  salts  of  carbonic  acid  (s 
further  on)  readily  give  much  carbonic  anhydride  when  heat 
Carbonic  anhydride,  together  mth  water,  is  praducerl  during  the  con 
bustion  of  all  orgauic  compounds  in  a  stream  of  oxygen  or  by  heatic 
them  with  substances  which  readily  part  with  oxygen  to  them— fa 
instance,  with  copper  oxide,  potassium  chlorate  (readily  causing 
explosion),  t.te. 
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combustion  of  organJo  BUbatiiiliLXs  by  igidtLuif  Uicm  wiHj 
oxf4e  ot  copjHjr*  , 


The  method  of  estimating  the  amount  of  carbon*  in  organic  cc 
pounds  is  founded  on  this  piv>perty.  For  this  purpose  a  glass  tulje,  close 
at  one  end,  is  tilleil  with  a  mixture  of  the  organic  substance  (al»oyt  0*1 
grams)  and  copjjer  oxi<le.     The  open  end  of  the  tube  is  fitteil  with  i 


^  Tliii  flir*Mt  obRervivt.ii>n«i  miul©  (1870)  by  Meiisrs.  Bogouski  and  Kayii.tid«r  lewd  to  the 
eont^IuKioti  tluit  llie  ijUAiitity  of  cttrbonic  tiiihydride  evolved  by  the  iK'tion  of  licldA 
iniirbli:^  (ftH  lioiiio^eiiiioiirt  an  possible  Ma  directly  proportioiiEl  to  th**  time  of  uetirm}  til 
exU*iit  of  Ktirfiuf ,  HTid  the  dejj^^ee  of  eotu'eiitratidii  of  tlie  acid,  and  itivernely  proportion 
to  the  nKjleculiir  weight  of  Uie  acid.     If  the  8urfac<?  of  h  [jiect^  of  Ctirrara  mftrble  be«qii 
to  lynt*  detninrtrti,  tlm  time  of  jiclioii  one  minute,  and  one  cubic  decimetre  or  Hire  cotitain 
one  gnini  of  liydrocldoric  lU'id,  then   about  O'U'2  hTtwm  of  eurbonic    anliydridt*   will 
CTolved.     If  the  Ittre  coiitrtinHi  ft  gTAms  of  hydrochloric  ncid^  then  by  experimf»nt 
amount  will  bti   n  x  U'0'2  of   cu-rhonit^   anhydri<le,     Therefore,  if  the  litre  cont^kitiH  8U'I 
(^HCl)  giuras^  about  U'Tii  j^ramw  of  carbonic  anbydnde  [*ibont  half  a  litre)  would 
evolved  jjer  mitiutt*.     If  nitric  uoid  or  hydrobroniic  iicid  be  uwed  inateiyl  of  hydrtxjhlon 
thou,  with  a  cfimbining  |jroi)<irtion  of  tlie  iicid,  the  name  qnanttty  of  carlKJuic  nnbydrid 
will  he  cTolved ;  thuH,  if  the  litre  con  tain  a  fiH  { =  HNOs)  granift  of  tiitric  ttcid,  or  t*l  (  =  1 
griunB  of  hydrobromic  iicid,  the  ijuantity  of  curboniG  luihydride  evolved  will  still 
0T8  gram. 
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cork  and  tutie  containing  ciileiinii  cbloride^  for  absorbing  the  water 
formed  by  the  oxidation  of  the  subBtjuice.  This  tube  is  hermetically 
connected  (by  a  caoutdioui*  tuhf*)  with  potash  bulbs  or  other  weighing 
apparatus  (Chap,  V^.)  containing  alkali  destined  to  absorb  the  carbonic 
anhydride.  The  increase  in  weight  of  this  apparatus  shows  the  amount 
of  carbonic  afdiydride  formed  during  the  combustion  of  the  given 
substjince,  and  the  quantity  of  carbon  may  be  determined  from  this, 
because  three  parts  of  carbon  give  eleven  parts  of  carbonic  anhydride. 

Carl>onic  anhydride  is  colourless,  has  a  alight  smell  and  a  feeble 
acid  Uist^e  ;  its  density  in  a  gtiseous  st^ite  is  twenty- two  times  greater 
than  that  of  hydrogen,  because  its  molecular  weight  is  forty -four.* 
It  18  an  example  of  those  gaseous  substances  which  have  been 
long  agii  trarisfornied  into  all  the  three  states.  In  order  to  obtain 
liquid  carbonic  anhydride,  the  gas  muFt  be  submitteii  to  a  pres> 
sure  of  thirty-six  atmospheres  at  0°/  Its  absolute  boiling  point 
^4-32^.**  Liquid  carbonic  anhydride  is  colourless,  does  not  mix  with 
water,  but  is  soluble  in  alcohoh  ether,  and  oils  ;  at  0^  its  spt^cifi*.'  gravity 
is  U'83.  When  poured  into  a  tube,  which  is  then  sealed  up,  litjuid 
ciirbonic  anhydride  is  easily  preserved,  because  a  thick  tube  easily 
resists  the  pressure  which  the  litjuid  entails  at  an  ordinary  temperature— 
namely,  about  iifty  atmospheres.  Tlie  boiling  point  of  this  liquid  lies 
at— 80*' — that  is  to  say,  the  pressure  of  carbonic  acid  gas  at  that 
temperature  does  not  exceed  that  of  the  atmosphere.  At  the  ordinary 
temperature  the  liquid  remains  as  such  for  some  time  under  ordinary 
pressure,  on  account  of  its  requiring  a  considerable  amount  of  heat  for 
its  evaporation.  If  the  evaponition  takes  place  i-apidly,  especially  if 
the  liquid  issues  in  a  stream,  such  a  decrease  of  tempemture  occurs  that 

^  Aft  carbonic  anhydridfi  i»  one  and  u  half  tunes  heavier  than  air,  it  diifuMis  with 
difficulty »  and  therefore  does  not  easily  mix  with  air,  but  Minks  in  it.  Tliinmaj  bi<  shown 
in  various  waye ;  for  insiance,  it  may  be  carefully  potired  from  one  vesHel  into  another 
ooTitainInK  ftif-  if  &  lighted  tapor  be  pltingi'd  into  the  vesitel  eoiUainiug  carbonic 
anhydride  it  itt  extingui«heii,  and  then,  after  pouring  the  gas  into  the  other  cylinder,  it 
will  bum  in  tbe  former  and  be  extinguished  in  the  latter.  If  a  eertttiix  quantity  of  lar- 
bonic  anhydride  be  poured  into  a  veatMtl  containing  air,  and  Koap-bubblifH  be  introduced^ 
they  will  i«nly  f«ink  ati  far  hh  the  line  where  the  atmosphere  of  carboitie  anhydride  com- 
inenLHra,  Afi  this  latter  ih  heavier  thim  the  ifOap-bubbles  tilled  with  air.  NaturaJJy,  after  a 
curtail)  lapM*  of  time,  the  carbonic  anhydride  will  be  diffuHed  throaghotit  the  veeael,  and 
form  a  uuiforui  mixture  with  the  air,  just  a»  salt  in  water. 

'^  Thin  hqtM^fiu'tion  w»wi  fimt  observed  by  Faraday,  w1h»  'iealed  up  in  a  tobe  a  mixtare 
€\1  a  carbonate  «uid  sulphuric  acid.  Afterwards  tliis  method  waa  very  conaider«^ly^  im- 
proved by  Thilorier  and  Natterer,  who^  apparatus  ia  deiicribed  on  page  289.  It  i», 
however^  necesaary  to  remark  hen^^  that  in  working  with  hquid  carbonic  mihydride  it  ib 
indittpenaable  to  have  good  liquefyiiig  apparatiiB|  conatant  cooling,  and  in  particular  a 
rapid  preparation  of  large  uiafiMe*^  of  pure  carbonic  auhydtide. 

^  Carbonic  anhj'dride,,  having  the  ifuime  molecular  weight  aa  nitroua  oxide^  very  miioli 
reaemblei  it  when  in  a  liquid  state. 
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a  part  of  the  carbonic  Rnbytlride  is  traiisformtHt  into  a  solid  snowj 
mass.     Wat^r,  mercury,  and  many  other  liquids  freeze  on  coming  intij 
contact   with   snowlike   carbonic  anhydride.^      In  this  form  carl->oni<i 
auhytlride  may  be  preserved  for  a  long  time  in  the  open  air,  because  it 
requires  still  moi*e  heat  to  turn  it  into  a  gas  tlkan  wHeTt  iu  a  liquid 
state.    Solid  carbonic  anhydride,  notwithstanding  its  vei^^  low  tompera^ 
ture,  can  l>e  safely  placed  on  the  hand,  liecause  it  constantly  ev.oheii  g; 
which  prevents  its  coming  into  actual  contact  with  the  skin  ;  but  if 
piece  be  squeezed  between  the  finger's,  it  prtxluces  a  severe  frost  bit 
simOar  to  a  bum.     If  the  snowlike  solid  be  mixed  with  ether  a  fi6mi4 
liquid  mass  is  obtained,  which  may  be  used  fur  artificial  refrigeratior 
This  mixture  may  l>e  used  for  liquefying  many  other  ganes— such 
chlorine,  nitmus  oxide^  hydrttgen  sulphitle,  and  others.     The  evapora* 
tion  of  such  a  mixture  proceeds  with  far  greater  rapidity  under  th« 
receiver  of  an  air-pump,   and  consequently  the   refrigeration  is  mor 
intense.      By  this  means  many  gase-s  may  be  liquetied  which   resij 
other  methods — namely,  olefiant  gas,  hydrochloric  acid  gas,  and  other 
Liquid   carljonic  anhydride  in  thi.s  case  congeals   in  the  tube  into 
glassy  transparent  mass.     Pictet  availed  himself  of  this  method  fo 
liquefying  many  permanent  gases  (see  Chap.  XL). 

The  capacity  which  carl>onic  anhydride  has  of  being  liquetied  stand 
in  connection  with  its  mhdnl'Uy  in  f'ormderahle  qunntUy  in  wal 
alcohol,  and  other  liquids.  Its  solubility  in  water  has  been  alreadjj 
spoken  of  in  the  tirst  chapter.  Carbonic  anhydride  is  still  more  sotubl 
in  alcohol  than  in  water,  namely  at  0*^  one  volume  of  alcohol  dlsisolvf 
4*3  volumes  of  this  gas,  and  at  20^  2*9  volumes. 

Aqueous  solutions  of  carbonic  anhydride,  ander  a  pre^isure  of  savera] 
atmosphereSi  are  now  prepared  artificially,  Ij^cause  water  saturate 
with  this  gas  is  a  good  means  of  promoting  digestion  and  queachiii| 
thirst.  For  this  purpose  the  carbonic  anhydride  is  pumped  by  mean 
of  a  force  pump  into  a  closed  vessel  containing  the  Htiuid,  and  the 
bottled  off,  taking  special  means  to  ensure  rapid  and  air-tight  corki 
Various  efTenescing  drinks  and  artificially  effervesoing  wines  are  tliv 
prepared.      The  presence  of    carbonic    aniiydride    has   an    important 

•  When  iL  fliip  (Stream  of  lit|uirl  carllnnitiic  niiliydncle  in  iliMchnr^cKl  into  a  cloaod  laetAllil 
v«Me1,  ftboot  oiie-thircl  of  its  iiiaHs  solitlifipH  and  Ujp  reinftinderevaporaU^B,   It)  employtn 
fiolifl  cuj-boiiip  iinhydride  for  making  uxpt^riinenttt  ut  low  temperature**,  it  b  best  to  utti^  j 
miXHtl  with  ether,  otlierw^ise  there  will  l>e  few  pointh  of  coiitiict.     If  a  Htreom  of   air 
hlowu  throiiji:h  a  mixture  of  liquid  tarhonic  anh)  dritle  and  ether,  the  cvApomtiutj  prtM 
nqiidly,  and  |,rrtMit  fold  iw  ohtiiined.     At  prewiit  in  gome  rti>eciftl  manufactories  <Ajid  io 
muklnfi  artific'irtl  niiueral  wntepHf  curhonic  anhydride  is  liquefied  on  the  large  bcaUj,  pcttir 
into  wrought- irtni  cylinderM  provided  with  screwed  ttipfi,  and  in  this  manuer  it 
traniiporietl  and  nnfely  pn* served  for  a  king  time. 
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significance  in  natun?,  because  by  this  me^ins  water  acquires  the 
property  of  destroying  and  dissolving  many  substances  which  are  not 
acted  on  by  pure  water;  for  instance,  calcium  pbosphntes  and  carbonate^s 
are  soluble  iu  water  containing  ciirbonie  acid.  If  the  water  in  the 
interior  of  the  earth  i^  saturated  with  carbonic  acid  under  pressure, 
the  quantity  of  CHlciiini  carJionate  in  solution  may  reach  three  grams 
per  litre,  and  on  is.suing  at  the  surface,  as  the  carbonic  anhydride 
escapes,  the  calcium  carbonate  will  be  deposited J°  Water  charged 
with  carbonic  anhydride  brings  about  the  destruction  of  niuny  rocky 
formation?*  by  removing  the  lime,  alkali^  <tc.,  from  them.  This  process 
has  been  going  on  and  continues  on  an  enormous  scale.  Rocky 
formations  eont^ain  silica  and  the  oxides  of  various  metals,  amtmgst 
others  oxides  of  aluminium^  calcium,  and  sodium.  Water  charged 
with  carbonic  acid  dissolves  both  the  latter,  ti-ansfortiiing  them  into 
carVionatea.  The  waters  of  the  ocean  ought,  as  the  evolution  of  the 
carbonic  anhydride  proceeds,  to  precipitate  salts  of  lime  ;  these  are 
actually  found  everywhere  on  the  surface  of  the  ground  in  those  places 
which  previously  formed  the  bed  of  the  ocean. 

The  presence  of  carbonic  anhydride  in  solution  in  water  is  essential 
to  the  nourishment  and  ^Towth  of  water  plants.  Although  carbonic 
anhydride  is  soluble  in  water,  yet  no  detinite  hydrate  is  formed  ;'^ 
nevertheless   an   idea   of   the   composition    of    this    hydrate   raay   be 

»"*  If  BQch  witttT  trickle's  ih rough  erevicea  und  eiit«ra  n  cjiv«ni,  the  evar»omtion  will 
lie  alow,  linrl  tlivr«fore  in  ih(me  plit<!es  from  whBnc€?  tht-  waU*r  drips  ^owtlis  of  CHltniini 
carbonate  will  l>e  ff>rm*Ml,  just  likv  the  it:ick*s  hinued  o«  the  rmjf-^utt-erM  in  winter  lime, 
8tmil&r  entiical  imd  lyliudrirul  nUniy  >^owtliH  funii  tlu^  ^Hi-eiiUed  titainctitea  or  pendojiti^i 
luuiging  from  «il>ove  niid  ntuhigiuiteN  formed  on  the  bottom  of  oatoa.  I^ometimei^  tlie^^ 
two  kindH  meet  together,  foniimg  entire  coluiniiA  filling;  the  CAve.  Mnny  of  tlieiie  eaves 
*r«*  renuiLrkahlo  for  their  pieturemiueueMA ;  for  iiifttaiice,  tlie  cave  of  AntipiU'o«^  in  the 
Orvciati  Arcliipelo^o.  Thin  n&ine  cause  alfto  fonnit  apt^ugy  mA«se«  of  cftleium  ciLrbonale 
ii»  thr^iic  places  wher©  the  npririf^a  come  to  the  surface  of  the  eiirth.  It  is  Uierefore  very 
evident  that  a  oalcareoua  solution  i»  uonietiniea  capable  of  i>enelrating  plants  and  fiUiiig 
Ibt*  whole  of  their  moMa  vrith  caJciarn  carbonate,  Thia  is  one  of  the  fonuii  of  x>etriiie(l 
plants.  Calcium  phosphate  in  solution  in  water  containing  carbonic  acid  pl^ya  an  ini- 
portont  piAft  in  nauri«hing  pUntft,  becnuse  all  plants  contain  both  lime  and  phosphoric 

«*  The  cryHljillohydrate  COj,8RjO  of  Wroblt?WHkJ  <  Chapter  I.  Note  fl7K  in  the  first 
plftce,  b  (m\y  formed  nnder  njitK^iai  eondition»i ;  in  the  wcond"  place,  it  still  reiinires  con- 
firmaiion;  and  in  the  third  place,  it  dt^es  not  correHpond  wiUi  that  liydrate  HjCOs  whicli 
nhcmld  occur,  judging  from  the  com|[M>aition  of  Uie  aalta. 

It  U  ©(uy  to  dejuDntitrate  the  luud  j>rtj|»ertie«  of  i^orbonic  anhydride  by  biking  a  long 
tube,  closed  at  one  end,  and  filling  it  with  thia  gas;  a  teKt-tube  is  then  filled  witli  a 
notation  of  an  alkali  (for  innitance,  sodium  bydroxide)^  which  i«  then  poured  int**  the  long 
tube  and  the  uj>en  end  is  corkiHl.  The  Rohition  i^  then  well  shaken  in  the  tnlK?,  and  the 
corked  end  plunged  into  water*  If  the  oork  be  now  withdrawn  under  water  the  water 
will  fill  tlie  taJ>e.  The  vacuum  obtained  by  the  abaorption  of  the  carbonic  anhydride  by 
an  alkali  ia  wj  complet*^  that  even  an  electrio  diHcharge  will  not  pass  ihmtijfh  it,  Thi« 
method  is  often  applied  to  produce  a  vacuum. 
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formed   from  the  eomposLtion  of  the  snlta  of  carboaic  acid,  becauf 
tiydrate  is    nothing  but  a  salt  in  which   the   metal    is   replaced    byl 
hydrogen.      As  carbonic  anhydride  forms   salts   of   the   composition  I 
KjCO;j,  Na^CO,^  HNaCO^,  etc.,  therefore  curboriic  acid  ought  to  havQj 
the  composition  H^COg— that  is,  it  ought  to  be  formed  from  CO^H-HjO^ 
Whenever  this  suhstfince  is  formed,  it  decomposes  into  its  component 
parts — that  is,  into  water  and  carbonic  anliydriile.    Thu  acidjrroprrfi^Mi 
of  carbonic  anhydride  are  demo nstm ted  by  its  being  directly  absorbed  f 
by  alkaline  solutions  and  forming  salts  with  them.     In  distinction  fiH:»m| 
nitric,  HNOgjand  similar  monobasic  acids  which  with  univalent  metals  j 
(exchanging  one   atom   for   one  atom  of  hydrogen)  give  sjilts  such  as  J 
those  of  potassium,  sodium,  and  silver  containing  only  one  atom  of  tboj 
metal  (NaNOg,  AgNO^),  and  with  bivalent  ^^  metals  (such  as  calcium,] 
barium,  lead)  salts  containing  two  acid  groups     for  example  Ca(K03)3,  | 
P^NOa)^ — carbonic  acid,  H^COa,  is  hifja^c,  that  is,  contains  two  atoms  \ 
of  hydrogen  in  the  hydrate  or  two  atoms  of  univalent  metals  in  their 
salts  :  for  example  Na._,CO;iis  washing  soda,  a  nomml  s^ilt ;  NaHCOj  is 
the  bicarbonate  or  an  acid  salt.     Therefore,  if  M'  he  a  univalent  metal, 
its  carbonates  in  general  are  the  normal  carbonate  M^COj,  and  the  I 
acid  carbonate  MIICO^;  or  if  M"  he  a  bivalent  metal  (replacing  Hjj)  its 
normal  carljonate  will  be  M^C*),,  ;  these  metals  do  not  usually  form  acid  ' 
salts,  as  we  shall  see  further  on.     The  bibasic  character* of  carbonic  acid 
is  akin  to  that  of  sulphuric  acid,  H-^SOi,^^  but  the  latter,  in  distinction 


i=*  The  riMiKouK  for  diHlingnifthing  the  uni,  bi-,  tri-,  and  qumlri-Vdlent  mt-tals  will  iw  I 
exmniiied  liereiift^r  on  p&Hsing  frnm  the  univalent  niptivls  (Nii,  K,  Li)  to  the  div^al'^nt  (Mg,  j 
Ca,  Btt). 

'^  Up  to  the  year  1840,  or  thc^reabout^  acids  were  net  distiti^islied  by  their  bAAoiiy^J 
Graham^  while  utudyiog  phosplioric  ncid,  H7jPO^,anclLiel)ig»  while  Ktudyingmany  org^tite  < 
Aci{\»,  difttiiiguJiihed  mono-^  bi-,  irad  tri^iAHic  acldfi.  Gt'rhiirdt  and  Liinrent  gt'nt«rtiJiBe'fl 
i>be§e  relfttions,  showing  that  tbi«  distinction  extends  over  nniny  rfurlioiii*  (for  iiiHtance* 
to  the  faculty  of  bibaHif nclds  of  forming  acid  stdts  with  alk^dih,  KIIO  fur  NaHO,  or  witli 
alcohols  RHO,  Ac);  but  now*  from  the  deienniniition  of  h  hardand-rast  t'onccpUon  a«i 
to  atoms  unci  moletulee,  thv  iHtsiriti/  i>f  an  acid  in  deiffrmitu-d  by  the  numb^tt  of 
hydrogen  atomn  contaiiiiC'd  in  a  jnolvciile  of  the  acid  which  can  hi)  exchanged  for  tn(»liilft. 
If  cartHjntc  jw^id  formn  ncid  aalt^,  NuHCO-^,  and  imrmul  rt4tH«,  NiujCO^,  it  is  erident  th*t 
the  hydrat*  is  HjCO.-.,  a  bihrnwic  acid.  OLlii^rwiRe  it  in  at  prenent  impossible  toaceonnt  for 
the  etrinpoHition  of  these  salts.  But  whim  C  =  6  and  O  — 8  were  taktfn»  then  the  funntilA 
COj  expreswed  the  com  position,  but  not  the  niok'ttulai'  weiglit»  of  carbonic  anhydride  ;  fiktid 
the  c'oroiKisilion  tif  the  normal  salt  would  be  Na.^C^O^  or  NaCOsT  therefor**  carbonid  &cid 
migbt  have  bean  eouHidered  ae  a  monobasic  acid.  Then  the  acid  nail  would  ba%'e  been 
repreifenied  by  NaCO.'.^HCOj*  Kuch  qn€'h-tionA  w«*re  tbt*  cauiw  of  Tnuch  argum«?nt  And 
diJTercnce  of  opinion  among  chemitits  xdH>ut  forty  yeiirti  ago.  At  proj^ent  there  cannot  be 
two  opinionRon  tbt*  fjubject  if  tbc^  law  of  Avogndro-Gerhardt  and  its  ftcq nonces  b«  stricUy 
adliered  to.  Let  ub,  however,  r^amark  here  that  the  raonohasic  acida  El  OH)  were  for  n 
long  time  coutiidered  to  be  incapable  of  being  decomposed  into  wat^^r  and  iinhydrid*?»  and 
this  property  was  a!Mrril>ed  to  the  bibawic  acida  K(OH).j  an  containing  the  elemeuU  n^>«»»» 
BAry  for  the  sepftration  of  the  molecule  of  water  H^^O.    Tliis  H5SO4  or  80:^(0 H)-|,  HaCOj, 
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from  the  former,  is  an  example  of  the  energetic  or  strong  acids  (such  ha 
nitric  or  hydrochloric),  whilst  in  carbonic  acid  we  observe  but  feeble 
development  of  the  acid  properties  ;  hence  earbotiic  tuid  must  W  con- 
sidered n  if^eak  acid.  This  conception  must,  however,  lie  taken  ns  only 
comparative,  as  up  to  this  time  there  is  no  definitely  established  rule  for 
mea&nruig  the  energy  *'  of  acids.    The  feeble  acid  properties  of  carbonic 


or  CO(OH|^,  niitl  ntJipr  biixwic  neiclii  decompose*  into  the  anhydride,  RO^  luid  wmter, 
H^O,  But  HM  iiiirntiR,  HNO;|»  iodic  HIO>  hypochIoro«*s  HClO*  and  othiir  nionolusie 
Acidfi  eaiulj  give  their  luihydrirles  N-^^O;^.  I^O^  Ct^O»  il'c,  Ihiii  metliod  of  distill giiiRh-' 
ing  the  hattidty  of  »cidA^  ii1tboii{;h  it  fairly  trpll  »Ali^ei»  tlie  r»MjuiTvtti4^iitiii  of  orgiuiic 
chemiatrj',  must  not  Vh»  con«iider*?d  correct.  It  may  <%Ui  lie  ri<i»ftrkf>d  thftt  np  to  the  pres4«tii 
time  not  one  of  thebibdfiic  aeirls  Iiaa  been  found  to  hiive  the  faculty  of  beinj;  distilled  with" 
oot  being  decompuRod  into  anhydride  and  wut*^r  4 even  H■j^^04^  on  Iietn^  evajioriiUfd  luid 
distillfMl.  pfives  SO.-,  +  H  tO),  »nd  the  decompORition  of  acids  into  wutrr  and  imLydride  pro- 
eet  >  '     '  itKily  in  dejiling  witli  feebly  euergetfc  lu^idK,  huch  as  ctLrbome^  nitroiia, 

W"  '  tus.  Let  tiH  lidd  tlmt  carbonic  iicid^  an  a  hydrwte  oonnei4j»ondinft  to  ni«reh 

g«a,  I.  <  r  u  1 1  ^  -  \  1 1 ,  ^  'iH  fO,  oii^ht  to  Ite  ietraba«ic.  But  in  generid  it  doew  not  form  finob  NJts. 
Basic  iMilie,  however^  fiueh  uff;  CaCO^.CuO,  may  b«  regarded  in  thi«i  >$enMe,  liecAUse  CCuiO^ 
eorres])ondis  with  CH^O|,  ns  Cu  correeii^jtids  with  H^.  Amont^st  the  ethereul  fnnhit  (alco- 
htdic  derivatii'<?s)  of  carlKHiic  lU'id  correBpoudinjf  casefi  arv,  liowrner,  obiM?rved  ;  fot 
infttiutce,  etbylic  orthotairbonatei  C(C2HjO)4  lobLuned  by  the  itction  wf  rhjnropioria, 
CfKOjIClj,  on  Rodiuni  ethotidi",  CjHjONn;  l>oiliij|j  point,  ISH*^  ;  fe»i)ecific  gravity,  0'911). 
The  niune  orihonarhvntc  acid  for  CH^Oj  i«  t«ken  from  orthophowphoric  aeidy  PH^Oi, 
irhicb  correK|»<mds  with  PHj  (n**  Chupter  on  Phosplioru»). 

'*  Long:  Higo  endeavours  were  made  to  fiod  A  wraAurr  of  aj^mty  of  acids  and  bnaefl^ 
bAcauM)  some  of  the  acidii,  ftnrh  asf^nlpbnric  or  nitrie,  form  ccimparativety  stable  saltft^  do- 
compoflad  with  difficulty  by  heiit  and  wider,  whiUt  others,  like  carbonic  and  hypoddorous 
adda,  do  Aot  combine  with  feeble  baueiihr  and  with  many  forn>  iindtfl  which  are  easily  deoatn- 
poaed.  The  same  may  hf*  Maid  with  regnrtl  t*:)  ba»e».  atiioyi^  which  those  of  potaastum,  KjO^ 
aodlum,  Na^O,  and  barium,  BaO,  may  sene  as  examples  cA  th«j  mo«t  powerful,  becanne 
ih«y  combine  with  the  most  fc?eble  iM'idt*  And  form  ii  majte  of  n^altaof  fft^Ai  stability,  whilflt 
aa  examples  of  the  feebletft  bases  altimina,  AUjOj^,  or  biitmutli  uxide^  Bi^Oj,  may  be  taken, 
b»caufie  they  form  Bait*  easily  deconipnued  by  beat  and  water  if  the  noid  be  volatile. 
Snob  A  division  of  acidf^  and  baFtes  into  tlu;  feeblest  and  mont  jiowerful  i9  Justified  by  aU 
«ndBlic«  ooDceminff  ibem«  and  i^  quitted  in  thia  work.  But  In  recent  years  tlae  t^^aehing 
of  Ihls  ftubject  ha^  acquired  quite  a  new  tone,  which^  in  my  opinion^  cannot  be  aecepled 
withrmt  certain  re«erv'ation«and  remarkK,  altliough  itcomi>ri«eHio&ny  interesting  feattir«s. 
The  fact  i»  that  Thomaeu,  Otitwald,  and  others  propoM^  to  exprei>H  the  tne^asure  of  aflliuty 
of  acid*  to  baMen  by  6gnr^«  drawn  from  dat^i  of  the  measure  of  diAploc^ment  of  acida  in 
A<]tieQU«  auluttonft,  judging  (1 1  from  the  amottnt  of  heat  develojied  by  mising  a  fu^Intioii 
of  the  salt  with  a  frolutiou  of  another  acid  (the  avidity  of  acid«,  according  to  Tliomttert) ; 
(8)  from  the  change  of  the  volumes  acwmnkau^king  noch  a  mutual  action  of  M>lutiott« 
(Ottwald);  ^a)  from  the  change  of  llie  index  c»f  refraction  of  -solutions  (0«twald),  Arc. 
Besides  thit;  there  are  many  other  methods  which  allow  us  to  form  an  opinion  about  tlie 
distribution  ctf  bsM^H  among  various  acid«  in  aqueous  folutioiis.  Some  of  these  methods 
will  be  deacribed  hereafter.  It  ooght,  however,  to  he  remarked  Uiat  in  making  iuvestigi^ 
tions  iu  aijueuQa  eolutiont*  the  affinity  to  water  Ia  generally  left  out  of  sight.  If  a  base  N| 
combining  with  acida  X  and  Y  in  presence  of  them  both^  divides  in  ttnch  a  way  that  one^ 
third  of  it  combines  with  X  and  two- thirds  with  Y,  a  conduaion  \h  formed  that  the  affinilji 
or  power  of  forming  i»altH,  of  the  add  Y  is  twice  a«  great  as  that  of  X.  But  the  preaence 
of  the  water  if.  not  taken  into  account.  If  the  add  X  haa  an  affinity  for  water  and  lor  N 
it  will  be  distributed  between  them;  and  if  X  hac  a  greater  affinity  for  water  tliAn  T, 
tlufl  1«M  of  X  Will  oombme  with  N  than  of  Y.    II,  in  addition  to  ibis,  the  acid  X  is 
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acid  niaj,  however,  be  judged  fnim  the  accumulation  of  niany^indicatio 
With  such  energetic  alkalis  as  soda  and  potash,  carbonic  acid  forms] 


CH,pable  of  fomiing  &n  acid  ftojl  KX^,  uid  Y  is  not,  the  oon  elusion  of  the  relAtive  sitrengib  i 
of  X  and  Y  will  be  still  more  erroneouB,  becaoiMii  the  X  set  free  will  form  such  ik  Bi&ll  on 
th«  addition  of  Y  to  NX*    We  ghull  iwe  iti  Chapter  X.  that  when  sulphorie  and  nltirio 
fteids  in  weuJc  iLqaeonn  sol ut ion  act  «ii  Hoditiin  thit*y  are  dintributwl  exactly  in  tlii»  way  : 
niLnu'ly,  one-third  of  it  coiubiiie»  Vkith  tlie  nulpiiuru'  iitid  two- thirds  with  the  nitric  oAid; 
hut,  in  my  opinion,  this  dot'*  not  show  Ihut  ftulphurio  aoid,  compared  with  nitric  acid,  j 
pOBHes)*e8  but  half  the  de^'re*^  of  itftinity  for  haHcti  htiiuilar  to  kocIa^  and  only  demoliivtrateft  i 
tlie  greater  affinity  of  fcutphurii!  tujJd  for  water  eompitred  with  that  of  nitric- acid.     In  thia 
wny  tlie  methmU  of  wtmriysniif  the  diHtrjhntioiii  in  aqueous  eiolutions  prohahlj'  only  »how»  J 
^^ht?  (hffewsnte  of  the  re>lutiuti  of  the  iicid  tn  a  hai*H  und  to  water.    In  jijeuettd^  it  ifi  iin{Hiii«tbl«  I 
'  ►  hope  to  he  able  to  determine  the  direct  relative  de^'ree  of  affinity  of  acidft  for  bn.s«i»  by  j 

tidying  oqneoua  iwdutioiiH  withrjut  takitii^  into  account  tlie  reUtion  of  the  ocidH,  hasea* 
and  KiUtti  to  water,  and  by  rer^ardin^r  the  water  oh  a  pasisive  medium^  becanMe  the  water  itjw^U  * 
fomii^  saline  and  idl  other  compound ni  with  ^ubtittinces.  Thi«  refers  more  e»iJet'iaily  t<>  i 
tho^  weak  iM»lutiitns  by  inean^  of  which  inventigatians  of  tluH  kind  are  mofit  often  e»«>u* 
ducted,  becaufte  the  weak  Holutionw  contain  a  Urge  luaas  of  waler,  and  its  intlueiiee  i*  j 
then  g^reat  even  ^hen  th^re  i^  but  little  allinity,  in  accordance  with  the  law  of  the  a«tioxi] 
of  nnuii>ueB,  and  from  the  fact  that  water  itaelf  i^  a  sahne  oitide. 

In  deference  to  thet*e  (>onHiderationi*t<>^lthuU}^h  the  teoeiiing  of  the  dii^tribution  of  aiUt-l 
forming  elements  in  nqtwouit  aotutiona  i«  on  object  of  great  and  independent  int«>ref)t,  it  j 
CAn  hardly  i^en'e  to  dHlcmiine  the  meuEure  of  aflinity  between  ba^a  and  acidti.  Siiuiliif  1 
oonHiderationrt  ought  to  be  kept  in  view  when  determining  the  onergj'  of  acida  by  tn«ii4iB  of  | 
the  elecirictil  coriductivity  of  their  weak  sobilionit,  Thi«  method,  proponed  by  Arrhetiiua  I 
(1884),  and  applied  on  an  exteu^ive  itcale  by  Uf^twald  (who  develoi>ed  it  in  great  detail  in  < 
Mb  Lchrbuch  d.  alUjt^mi'in^tt  C/mwi^,  t.  ii.,  Itttt7),  is  founded  on  the  fact  that  the  re- i 
lation  of  the  Bo-called  molecular  elect ncal-conductiHty  of  weak  solutions  of  various  ocidsL  j 

(I)  coincides  with  the  relation  in  which  the  Manie  acids  stand  according  to  the  diatributioti,  f 

(II)  found  by  one  of  the  tihove-inentiuned  methods,  and  witli  the  relation  deduoed  for  i 
tliem  from  observations  upon  the  velocity  of  reaction,  illl)  for  intit^ince^  according  to  the  | 
ratt!  of  tlie  splitting  up  of  an  etheretil  wait  {into  alcohol  and  aeid),  or  from  the  rate  of  the  bo- 
called  invcrHion  of  Hugar — that  lun  it^  trail m formation  intoglucotie — a»  in  neen  by  comparing  I 
the  annexed  figxirefi^  in  which  the  energy  of  hydr^x^hlorie  acid  ia  taken  u  equal  to  100  -*— '| 

Hydrochloric  acid,  HCl    . 
liydrfkbromie  acid,  HBr   . 
Nitric  acid,  HNO-     , 
Sulphuric  at:id,  HjSOj      . 
I'ormtc  aeid,  CHjOj 
Acetic  acid,  C^H^O-j 
Oxalic  aeid,  C^HjOi, 
Phosphoric  acid,  PH^Oi  . 

The  coincidence  of  theae  Dgnre^,  obtain^  by  oo  many  riirioUfi  methods,  proaentA  i 
moat  tiziporiant  and  moat  tntitmctive  rebitiuu  between  phenomena  of  a  dt/Terent  kind, bul^l 
in  my  opinion  it  d<*eH  not  j>erniit  us  to  ans^frt  tlutt  thi3  degree  of  affinity  enisling  bc^iween  [ 
hoopfi  and  variouM  acidti  in  determined  by  all  theM*  vaHouH  nifthodH^  becaui^e  themtlui«nc#J 
of  ih»^  water  must  tie  taken  into  conwideration.  On  this  a^eounl,  until  the  theory  <if| 
oolution  irt  more  thoroughly  worke<l  out,  thin  subject  (which  now  onght  to  be  troate 
of  ilHi  Hpecial  trentiHCH  on  chiL>mica]  mecImnicB)  tiiuftt  be  treated  with  great  catUton»| 
But  now  we  may  bofie  to  decide  thin  «|uefition  by  exact  methods,  which  we  shall  porttallyl 
touch  on  when  Kpeaking  ubout  ll«e  velmity  of  rem^tinn. 

There  19  no  meoiifi  of  dctermitiing  the  degree  of  em^ri/v  td  carbonic  acid  by  anv  on«»  nf^ 
the  abov«*mentioned  niethodo. 
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noriDal  salts,  soluble  in  water,  but  having  aii  alkaliue  renction  and  in 
many  cases  acting  themselves  as  alkalis. '  ^  The  acid  salts  of  these  alkalis^ 
NallCO.^  and  KHCO3,  have  a  neutnil  reaction  on  litmus,  although  they, 
like  acids,  contain  hydrogen,  which  may  be  exchanged  for  metals,  Tho 
acid  salts  of  such  acidsT— as,  for  instance,  of  sulphuric  acid»  KaHSOi — 
have  a  elaarly-defined  acid  inaction,  and  therefore  c^irVxjnic  acid  is  un- 
able to  .s*it urate  the  powerful  Imsic  properties  of  such  alkalis  as  potash  or 
soda,  Carlionic  acid  does  not  even  combine  at  all  with  feeble  bases,  such 
4is  alumina,  AI3O3,  and  thei*efore  if  a  stmiig  solution  of  so<Hum  carbo- 
nate^ Na^COy,  be  tadded  to  a  strtmg  solution  of  aluminium  sulphat>e 
Al2(SU|);^i  then  (according  to  double  saline  decompositions)  aluminium 
cJU'bonatei  Al^lCOj)^,  ought  to  be  formed,  but  the  carbonic  acid  separateti 
as  this  salt  splits  up  in  the  presence  of  water  into  aluminium  hydrox- 
ide and  carbonic  anhydride:  Al.j(C03).,.f  3H50=AL^(OH),,-|'SC(>^. 
Therefore  feeble  bases  are  unable  to  retain  cai-lionic  acid  even  at 
ordinary  temperature*.  For  this  reason  in  tb©  case  of  bases  of  medium 
energy,  nhliough  tliey  form  carbonates,  the,se  are  companitively  easily 
decompose<i  by  hejiting,  as  is  shown  by  the  decomposition  of  copper 
Carbonata,  CuCOg  (see  Introduction),  and  even  calcium  carlx)nate, 
CaCO.,.  Only  the  normal  (but  not  the  acid)  salts  of  such  powerful  Imses 
as  potassium  or  sodium  are  capable  of  standing  a  red  heat  without 
decomposition.  But  the  acid  salts,  for  instance  NaHCO^,  decompose 
even  on  heating  their  solutions  (2NaHC03=^  NaaCOa-hH^jO  +  COj), 
evolving  carbonic  anliydride.  The  amount  of  heat  given  out  by  the 
combination  of  carbonic  acid  with  bases  also  shows  its  feeble  acid 
properties,  because  it  is  considerably  less  than  with  energetic  acids. 
Thus  if  a  weak  solution  of  forty  grams  of  sodium  hydroidde  be  satu- 
rated (until  the  formation  of  a  normal  salt)  with  sulphuric  or  nitric 
acid  or  another  powerful  acid,  from  thirteen  to  hfteen  thousand 
calories  are  given  out,  but  with  carbonic  acid  only  about  ten  thousand 
calories.*^      The  majority  of  carbonates   are  insoluble  in  water,  and 

'*  ThtiH,  for  inHttinc*^,  in  iht*  wiinhing  of  fftbricH  th«*  caoMtic  dkAlifi,  «och  ua  B<Wijuin 
hydroxidle,  in  weak  ^nlatioiiii,  itcrt  in  removing  the  ft%tt^  mutter  jtist  in  tlie  ftame  way  aa 
oarbotittte  HolutionH ;  fiir  instance,  a  eolation  of  sodn  cryHtiiiiJi,  NiljCO,^.  S43<i|>,  acts  in  the 
flttme  way,  b«in^  com|M»Hi^<i  of  ft:^b1«  iMJtdle,  ejtliuj*  (atly  nr  rvninouttt  (-HunhimH]  with  ti.lkii.li, 
On  thiA  (icecrant  aU  %nc\\  subKtaneeM  tir«<  upplitMl  to  niu.nufitc*tiinnfE  iviir|>ij««r«,  nod  ii»ed 
ec|tml1y  well  in  prajenL'e  for  blettching  anil  waHhiij>;  fuhricH.  Sctdn  cry^talA  or  stiap  ttro 
|j|oferred  to  cmiKtic  tilkiili.  txjeuufie  un  exceHH  of  the  liittc^r  mny  have  a  deBtruetive  effect 
on  the  fahricM.  It  uiity  W  KUp|>o»eil  that  in  aqa«*ouei  £»ol(ition«  with  linap  or  with  noda 
crystals  part  of  the  banc*  will  form  caustic  alkali  ;  that  in  to  fiay,  the  water  will  compet4^ 
wiiJi  the  weak  acidii,  and  the  alkali  will  be  distributed  betwt^en  them  and  tlie  water. 

^^  Althoa}{h  earbonie  acid  i»  reckoned  amon^  tlie  feLd>le  acidn,  yet  thrre  are  evi- 
dently mnny  othei^  atiU  fetsbhrr — for  instance^  h^-drtiKoi  Hntphide,  pruttMio  neid^  bypo«^ 
ehlorout  acid,  miuiy  organic  acid»,  i!tc,  Baae^  like  alumina*  or  Kueh  feeble  acids  *«  ailieft^ 
when  in  eombia»tion  with  alkalis  are  df!«oinpo«ed  in  aqneoo*  tolutiou*  by  earbotiie  iieid» 


380 


PRINCIPLES  OF  cnEMlSTttV 


tberefore  such  solutions  aasotlium^  potassium,  or  amnonium  carbonates  J 
form  in  solutions  of  most  other  salts  MX  or  M"X2,  insoluble  pre-  I 
cipitates    nf   carbonates    of    the   given    metals    M    (univalent    tnetal 
replacing  H)  orM'  (liivaleiit  metal  replacing  H.^)  — thai  is,  MjCO^  or 
M"COj|.      Thus    a   sf.>lution   of   barium    chloride   gives   with   socUum 
carbonate  a  precipitate  of  barium  carbonate,  BaCOa,     For  this  reason 
in  natui-C!  the  waters  issuing  from  rocky  formations  very  often  contJ*in 
€arVK>nat€s  ;  for  example,  calcium,  ferrous  or  magnesinm  carljonates,  ifec  i 
Cariionic  anhydride — which,  like  water,  is  formefl  with  the  develop*  ] 
ment  of  a  large  amount  of  lieat — is  very  stable.     For  this  reason  very  \ 
few  substances  are  capable  of  depriving  it  of  its  oxygen.     However, 
magnesium,  potassium  and  like  metals,  on  being  heated,  hurn   in  it, 
sepiarating   carbon    and  forming  oxides.      If  a  mixture  of   carbonic 
anhydride  and  hydrogen  be  passed  through  a  heated  tube,  the  formation 
of  water  and  carbonic  oxide  will  be  observed  ;  CO^-hH^^COn-Hjl. 


but  oti  fusiun — that  ib^  withrnit  the  preHimcc  of  water— they  displace  ll,  which  clearly  ahows 
in  plienomenn  of  thiis  kind  how  imicli  dcpendii  uiion  the  conditions  of  reaction  itnd  the 
properties  of  Iht?  auhstancee  formed.  These  relutions,  'nhich  &i  lirKt  Hi(<ht  ftpjK^*r  t-om- 
plex,  mny  ha  bent  understood  if  we  represent  thiit  two  afl]t«,  MX  ivnd  NY,  in  ^t^tit^rnJ 
aIwavr  give,  more  or  Ickh,  two  other  tiiilts,  MY^  iind  NX*  and  examine  the  properti«4»  of 
the  derivtfd  substunteB.  Tlius,  in  solution,  socbuui  fiilicute,  NajSiOj,  with  earbouic 
anhydride  >*il J  Ut  Rome  extent  form  smlium  carbonate  and  silica,  fliO^;  but  the  lifctt«ir« 
being  colloid,  uepHraies,  and  the  remaining  maai^  *yt  sodium  tiiHciite  ib  again  dccunipoMci4 
by  carbonic  nnhydridi!,  so  thut  the  mutter  tenmnatei*  w ith  the  complete  fte[>iiniiion  af 
the  HiHea  and  the  formation  of  r^mliuni  carbonate.  In  a  funed  ttttite  the  vtLHv  in  diff^nmt; 
sodium  larbonate  will  react  with  fiihea  to  form  carbonic  anhydride  and  Hodiuni  itilicjile, 
but  the  carbonic  rtiiliydride  will  be  separated  (im  a  ga^,  and  therefore  in  th**  re«idu©  Ui*» 
former  reaction  will  again  take  placet  and  the  matter  will  end  with  the  complete  4*eparit^ 
lion  i)f  carbonic  anhydride  and  the  fonnation  of  Kixliuiu  Hilicate,  If  nothing  is  sepomU^ 
from  the  Hphere  of  the  reoctioini  digtribuiion  takers  place.  Theref^ire,  althoui^h  carbonic  ' 
anhydride  ie  a  feeble  ttcid,  HttU  not  for  thta  reason,  but  oidy  in  virtue  of  it^t  ga^u^aud  foruii 
do  all  fl^iluble  acidis  ditipla^^e  it  in  naline  fiolniions.  The  t^mall  aimuint  of  energ}*  of  ear* 
bonic  anhydride  watt  brought  forward  to  account  for  its  being  jwporated  from  ailUa  by 
oiher  acide.  Tliiti  i>t„  however,  not  correct.  Huch  a  separation  only  de|ienda  nn  the 
properties  of  the  gas  and  Ha  cDuif»ouncIii.  Tbuii  acetii-  acid  diiitplacuH  carbonic  anhydride 
from  all  carhouateH,  but  under  certain  coiiditione  the  latter  iti  capable  of  displiM^ing 
«bcetic  acid.  Thnii  if  carbonic  auliydride  be  pasfu.'d  through  un  alcoholic  m.»1utioii  of 
|x}taHf%tnm  acetate  tlje  acetic  acid  is  set  free  and  the  potanfiium  civrbonate  sepanitei^,  Insing 
insoluble  in  alcohol  Juat  the  reverse  deoompoi+ition  takea  place  in  water.  From  thia 
it  is  evident  that  tht*  properties  nf  the  compouudfi  formed  and  of  tbe  n*acting  anbHtnuce!* 
have  juHt  uk  mueb  influence  ou  the  courne  of  double  deconipoHttiiUiH  as  the  measure  of 
afHuity.  NutwithBtaiiding  its  feeble  acid  properties,  carbonic  acid  decouij>o»es  cerlAtii 
imltfi  in  solution,  as  nbown,  fur  inHtoiiGe,  in  theiuveHtigationtiof  8echenoff  on  the  (Molutioti 
of  itnrbonic  aidaydridp  in  ardine  solution*  (Chap*  I*  Note  381.  Ktill  the  relative  euei'){y 
of  (icida  and  babeH  playa  a  part  in  all  thcMe  caaen,  which  we  Hholl  dincubs  further  on  when 
touching  on  questionti  of  di»tribiition  and  of  velocity  of  reaction,  llie  prineiplen  ol  Uml 
kind  of  conception  of  uhemical  mutual  action  such  an  ought  now  to  be  accepted  were 
■ought  for  by  Berthollet  at  the  conuncncement  of  tht»  present  century,  and  Bometimeit 
bear  Ihe  name  of  ^  Berthollet'fl  lawii,'  to  which  we  will  turn  our  attention  in  the  falloiviji 
chapter. 
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But  onlj  a  portion  uf  the  carlionic  aci<i  gns  undergof*.!)!  iliis  chiingi*,  litid 
therefure  the  result  will  l>e  a  mixtun?  of  carbouie  anhyilnc)i%  enrbanae 
oxide,  hydrogen,  anrl  wat^r,  which  doi^snoi  cli?uigt*  under  tln^  notion  of 
heatJ^  AUliough,  likt*  water,  carbonic  unlivdrideis  exefinlingly  !*tjdj|«% 
still  on  being  hetited  it  partially  decomposes  into  carbonic  oxide  And 
oxygen.  Deville  showed  that  such  is  the  case  if  nirl>onic  nnhyrh'idft 
be  passed  through  a  long  heated  tube  containing  pieet*H  of  jK*roelain 
and  h€5at©d  t-o  1300*^,  If  the  products  of  deconifnisition  nann^y, 
the  carbonic  oxide  and  oxygen  be  smldenly  coolech  they  can  be 
collected  separately,  although  they  partly  reunite  togi'ther*  A  Himilar 
decomposition  of  carlionic  anhydride  into  carbonic  oxich^  and  oxygon 
t^ikes  place  on  passing  a  series  of  eleetric  sparks  tfi rough  it  (for 
instance,  in  the  eudiometer).  With  this  an  increase  of  volume 
occurs^  because  two  volumes  of  00^  gi^o  two  volnm<^s  nf  (^(*  and  one 
%^olume  of  O.  The  decomjiosition  reaches  a  certain  bmit  (less  than 
one- third)  and  does  not  proceed  fnrthert  smj  that  the  result  in  a 
mixture  of  caHamie  anhydride,  carhonie  oxide,  and  oxyt^nMi,  which 
is  not  altered  in  composition  by  the  continued  action  of  the  sparks* 
Thia  is  rearlily  understood,  as  it  is  a  reversible  reaction.  If  the 
carbonic  anhydride  be  removed,  then  the  mixture  exfihwh^s  when  a 
spark  is  passed  and  forms  carbf)nic  anhydride.  If  from  an  idi^nticjil 
mixture  the  oxygen  (and  not  the  carbonic  anhydride)  be  removed, 
and  a  series  of  sparks  again  be  passed,  the  decomposition  is  reneweil, 

^^  HyclroirtrM  and  cnirl>«n  an*  nei^r  akin  to  uxfi(viu  w*  rp^'ardi*  afllnity,  but  it  oiitcht  in 
1*  coii«idHre<l  thrtt  the  affimty  of  hydrogen  «  »li|{hiiy  ^eiit«r  thiiii  that  of  rivrtHjn*  h^ 
eaiu»e  durui)^  the  f  umburttion  of  liydrociirlionB  the  hyflnif^iiti  btirtiN  flntt.  Homf  Jclo«  o! 
thia  Bimiliirity  of  aftinity  may  be  formed  hy  the  quAntily  nl  h«iii  nvolvort  QnmMmm 
hydrogen,  H*,  on  combining  witli  an  atom  of  oxyi;un,  0  =  l(l,  devoloj^M  mHNKI  hfi»tiiiii|s 
if  the  water  formed  )m  cotideu»ed  to  a  liquid  ntiito.  If  tbo  WAti^f  rofimitiw  tr»  iUm  frrrtn  of 
n  jm*  {Rt4!ani)  tlw*  latent  h<?at  of  evaporHtion  mUHt  Im  tiiibtriu  ted^  and  thtm  fiSOOO  v.tkUtrwm 
wdl  lie  d^^v^lojwd.  Charcoal  tttken  in  the  Rohd  form  on  <*orjibininK  w'th  O^-M  t\t^Y-]npm 
about  5*7000  cidones,  forming  gaMeoiia  CO^.  If  lh«  eliareoal  w«rtj  ^m^^oii*  bke  iho 
hydrf>get^  and  only  ocmtained  C^  ia  it#  inoli»cQle,  much  mnrt*  beat  wtmUl  \m  dt^vtAoiMsi, 
Mtd  judging  by  other  inil»«t«nce**  whow*  miAenixhsH  on  pamin;^  fro»j  Ui«  atjlid  in  th*<  ifaacioiui 
«t«le  ftbierrb  at>OQt  lOOIXV  to  lAiMMI  r-alorieM,  it  i»li«t  b«  held  that  irmMotiti  eathan  on 
forming gMeiMti*  fxJ-boitic  anhydride  wonld  di?v«UTp  not  lena  than  IKf.tHHl  ralorio»-^hat 
ia,  approximately  twice  aa  mdch  an  ii  d«;relo{4«fd  in  the  formatimi  nt  wat*«r.  And  aa  m  a 
laoleCQls  of  carbooie  a&hydride  there  in  twice  m4  much  os^ygen  aM  in  a  motitrntu  nf  water* 
ihm  oiygwi  dcwkipii  approxtmately  the  name  qnantiiy  of  heat  on  combining  with 
hydrogen  and  cmrhtm.  That  in  to  «ay,  that  her«*  wt>  find  th#>  Mmi*  rlr^ae  afRnity  (m« 
Cbmp,  ti.  Note  7f  delernsitiedi  by  the  quantity  of  heat  a^t  h«rtw*^n  hydrriigvm,  ttmr,  and  ifoo* 
Far  thia  reaaon  h^e  atno,  aa  in  relation  to  hydrogen  and  iron,  we  ooght  U^  t*%piK^  mn  cri- 
4mI  ibtnboti'm  M  orygeo  between  hydrogaa  And  mghau,  if  tliey  ar#«  both  in  mamm 
oonpttfed  with  Uie  amoant  M  oiygen ;  but  if  tliOTi  h9  so  9wmm  of  r«rl»fin  it  will  daooai. 
pom  water,  whdlil  an  eseeaa  of  hydrogen  will  dmoompom  oarbonir  anfiyrl  nde.  If  »ijriilar 
ftlatiOina  of  mntOAl  Action  are  made  ctear  la  Igfllilad  ftaeae,  iilHl  Ibit  full  Ib^'^rv  f4  tUm 
•iibi«ei  It  wuiliiif  la  the  prvmBt  coodllioD  of  Atumimt  koowtMlgs. 
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and  terminntes  with  the  compiete  deoorajxjsition  of  the  carbonic  i 
anliydnde.  Phosphorus  is  used  in  order  to  ftttain  the  complete  abaorp- 
fcion  of  the  oxygetL  In  these  examples  we  see  that  a  known  mixtui*e 
of  cimngeuble  substances  is  capable  of  arriving  at  a  state  of  stable 
equilibriuini  destroy cxl,  however,  by  the  removal  of  one  of  the  sub- 
stances composing  the  mixture.  This  represents  one  of  the  instances 
of  the  influence  of  mass.  And  as  on  rapid  cooling  the  combustible 
carlK)nic  oxiile  d<:H?s  not  succeed  in  combining  with  the  oxygen,  with 
which  it  totally  combines  if  slowly  cooled,  forming  carbonic  anhydride, 
here,  as  in  all  chemical  phenomena,  the  action  of  time  is  apjjarent — that 
is,  the  existence  of  a  definite  velocity  of  reaction. 

Although  carbonic  anhydride  is  decomposed  on  heating,  yield Lii^ 
oxygen,  it  is,  nevertheless,  like  water,  an  unchangeable  substance  at 
onlinary  temperatures.  The  decomposition  of  carbonic  anhydride,  as 
effected  by  plants,  is  on  this  account  all  the  more  remarkable  ;  in  this 
case  the  whcile  of  the  oxygen  of  the  carbonic  anhydride  is  separated  in 
the  free  stat4^.  The  mechanism  of  this  decomposition  is  that  the  heat 
and  light  absorbed  by  the  plants  are  expended  in  the  decomp»osition  of 
the  carbonic  anhydride.  This  accounts  for  the  enormous  influence  of 
temperature  and  light  on  the  growth  of  plants.  But  it  is  at  pi^esent 
not  clearly  understood  how  this  takes  place,  or  by  what  se|>anite  int«*r- 
mediat«>  reactions  the  whole  process  of  decniiifMisition  of  carbonic 
anhydride  in  plants  into  oxygen  and  thecal' boh  yd  rates  (Chapter  VI U.) 
T^maining  in  them,  takes  place.  It  is  known  that  sulphurous  anhy- 
dride (in  many  ways  msemliling  carlnmic  ardiydritie)  under  the  action 
of  light  (and  also  of  heat)  ff»rms  sulphur  and  sulpliuric  ardiydride,  SO3, 
and  in  the  presence  of  water  sulphuric  acid.  But  no  similar  decompo- 
sition has  been  directly  obtained  with  c^irbonic  anhydride,  indeed 
it  forms  the  Idgheat  degree  of  oxidation  of  carbon  ;  perhaps  for  that 
reason  the  oxygen  separates.  On  the  other  hand,  it  is  known  that 
plants  always  form  and  contain  wv/awiV  acida^  and  these  must  be 
regarded  as  derivatives  of  carbimic  acid,  as  is  seen  by  all  their 
reactions,  which  we  will  shortly  treat  of.  For  tliis  reason  it  might  be 
thought  that  the  carbonic  acid  absorbed  by  the  plants  hrst  forms 
organic  acids  in  them,  and  that  these  latter  in  tlieir  final  trans- 
formation form  all  the  other  complex  organic  substji rices  of  the  plants* 
Many  organic  acids  are  found  in  plants  in  considerable  quantity  ;  for 
instance,  tartaric  acid,  C^HijO^j,  found  in  grape-juice  and  in  the  acid 
juice  uf  many  plants  ;  malic  acifl,  C,H,-Of,T  not  only  found  in  unripe 
apples  but  in  still  greater  quantities  in  mountain  ash  berries  ;  citric 
acid,  CgHgOy,  found  in  the  acid  juice  of  lemonSp  in  gooseberries,  i 
cranberries,   etc. ;    oxalic    acid,    C^^H-jOi,   found   in   woodsorrel    and 
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many  otber  plants.  Sometimes  these  acids  exist  in  a  free  state  in  the 
plants,  miH  f^utnetimes  in  the  form  of  salts  ;  fur  instance,  tartaric  acid 
is  met  with  in  grapes  as  the  salt  known  as  cream  of  tartiir,  but  in  the 
impure  state  called  argol,  or  tartar.  C\H-,KO(,»  In  sorrel  we  find  the 
fio-called  salts  of  sorrel,  or  acid  potassium  oxalate,  C.^HKO|,  There  is 
a  very  clear  connection  between  carbonic  anhy<tride  and  the  alxjve- 
inentioned  organic  acids —namely,  they  all,  under  one  condition  or 
another,  yield  carbomc  anhydride,  and  can  all  be  fonned  by  means  of  it 
from  substances  destitute  of  acid  propenies.  The  following  examples 
afford  the  best  demonstration  of  this  faiit :  if  acetic  acid,  C^H402,  the 
acid  of  vinegar,  be  passed  in  the  form  of  vapour  through  a  heated  tul»e, 
it  splits  up  into  carbonic  anhythide  and  marsh  gas:=C<*j-f-CH4.  But 
it  can  also  be  obtained  conversely  from  those  components  into  which  it 
decomf>oses.  If  one  equivalent  of  hydrogen  in  marsh  gas  be  replaced 
(by  indirect  means)  by  sodium,  and  the  compound  CH^Na  is  obtained, 
this  dii-ectly  absorbs  carbonic  anhydride,  forming  a  salt  of  acetic  acid, 
CH^Na  -h  CO5J  =  CjH^NaO;^  ;  from  this  acetic  acid  itself  may  l>e 
easily  obtained  in  a  sin>ilar  way  to  that  by  which  nitric  acid  may 
lie  obtfiimxl  frnm  nitre.  Therefore  acetic  acid  decomposes  into  marsh 
gas  and  carbonic  anhydride,  and  conversely  is  obtainable  fiom  them. 
The  hydrogen  of  marsh  gas  does  not,  like  that  in  acids,  show  the 
property  of  being  directly  rephu;ed  by  metals  ;  the  gas  itself  does  not 
show  any  acid  chai-acter  whatever,  but  on  combining  with  the  elements 
of  carbonic  anhydride  it  acquires  the  properties  of  an  acid.  The  investi- 
gation of  all  other  organic  acids  shows  similarly  tliat  their  acid  character 
depends  on  their  containing  the  elements  of  carb^mic  ardiydride.  For 
this  re^'ison  there  is  no  organic  acid  containing  less  oxygen  in  its  mole- 
cule than  there  is  in  earlxmic  anhydi'ide  ;  every  organic  acid  contains  in 
its  molecule  at  least  two  atoms  of  oxygen.  In  order  tu  express  the  rela- 
tion betw^een  carbonic  acid,  H^COg,  and  organic  acids,  and  in  order 
to  understand  the  reason  of  the  acidity  of  these  latter,  it  is  simplest  to 
turn  to  that  law  of  substitution  which  shows  (Chapter  VL)  tlie  rela- 
tion between  the  hydro^^en  and  oxygen  compoun<ls  of  nitrogen,  and 
permits  us  (Chapter  VIII,)  to  reganl  all  hydrocarbons  as  derived 
from  methane.  The  facts  of  the  matter  are  as  follows  :  if  we  have  a 
given  organic  compound,  A,  which  has  not  the  properties  of  an  acid,  but 
as  the  derivative  of  a  hydrocarbon  contains  hydrogen  combined 
with  carbon,  then  ACX)j  will  be  a  monobasic  organic  acid,  A2CO2 
a  bibasic,  A3C0j  a  tribasic,  and  so  on  -that  is,  each  molecule,  CO.^, 
transforms  one  atom  of  hydrogen  into  that  state  in  which  it  may  be 
replaced  by  metals,  as  in  acids.  This  already  fuiTilshes  proof  that  in 
organic  acids  it  is  neoesiary  to  recognise  the  group  HCO^,  or  carboxyl. 
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If  the  addition  of  CO.^  raises  the  Ijasicity  the  removal  of  CO^  lower* 
it.  Tims  from  the  liibjiaic  oxalic:  tu-id,  C2ll2^*4i  orphthnlie  acid»  C^H^tO^, 
by  eliminating  CO2  (cAasily  etfected  experimentally)  we  obtain  the 
monobasic  formie  acid,  CH/)^,  or  benxoic  acid,  C.H^O^.,  respectively. 
The  nature  of  carboxyl  is  directly  explained  by  the  law  of  substitution. 
Judging  from  what  has  been  stated  in  Chapters  V.  and  VIII.  concerning 
this  law,  it  should  already  be  evident  that  COj  is  CH4,  with  the 
exchange  of  H4  for  Oi,  an<l  the  hydrate  oi  carbonic  acid,  HyCOj,  is 
C0(OH)5,  that  is,  methane,  where  two  parts  of  liydrogen  are  replaced  by 
two  parts  of  the  water  radicle  (OH,  hydroxyl),  and  the  other  two  by 
oxygen.  Therefore  the  group  CO(OH),  or  carlioxyl,  HC(Jj,  is  a  part 
of  carbonic  acid,  and  is  e<juivalent  t«i  (OH),  and  tlierefore  also  t^  H. 
That  is,  it  is  a  univalent  residue  of  carbonic  acid  capable  of  replacing 
one  atom  of  hydrogen.  Carbonic  acid  itself  is  a  bibasic  acid,  both 
hydrogen  atoms  in  it  bein^f  replaeeahlw  l>y  metals,  therefore  car  boxy  1, 
which  contains  one  of  the  hydrogen  atoms  of  carl>onic  acid,  represents 
a  group  in  which  the  hydrogen  is  exchange-;ible  with  metals.  And 
therefore  if  1,  2  .  .  .  n  atoms  of  non-metal  lie  hydrogen  are  exchanged 
1,  2  ,  .  ,  n  times  for  carboxyl  we  oug!it  to  obtain  1,  2  .  .  ,  fi-ba&ic 
acids.  Oi^ganic  aciih  arr  (he  pradutHt!  of  thr.  carboxyl  imbMtitutian  of  1 
kydroearhori»}^  If  in  the  saturated  hydrocarbons,  C„H<^„^..^,  one  part 
of  hydrogen  is  replaced  by  rarl>oxyl  the  monobasic  saturated  (or  fatty) 
acids,    C^H^,,,  i(Cl>^H),    will    be    obtained,    a^i,  for    instance,    formic, 

1*  If  CO.^  is  tilt!  anhydrirl«  of  11.  bil>n.Hii'  nt'id,  And  car^Kixyl  comoiipondia  with  it>  r&^ 
pliicitii^''  th**  bydrogt?Ti  of  hydrrx'urbunH,  luid  giving  tlium  the  (.'liarttcter  of  compttn^tiToly 
feeble  aeifla,  thtu  SO-  in  tlie  anhydride  of  un  vnorgwtic  hibasic  acid»  luid  sulpho9ffl, 
SO^^OH),  eorTesponds  with  it,  being  capable  of  re[dtt.eing  the  hydrogen  o(  hydro€ftrb<>iig, 
Atid  forming  compurnlively  energetic  sulphur  aj't/ui^th  {rndphonic  acith);  for  tnstuaoe^ 
^oNslCOOH),  bensit^ic  tivid,  and  CyH..|SOtOH),  beii2ene»tiliihonie  aeid,  uie  derivud  from 
CqHc.  Ah  tlie  excfuuiKt'  of  H  for  oivthyl,  CH3,  is  e«juiva]jenl;  to  the  udditiun  of  CH^j,  Uie 
exebmige  of  €4irb(»tyl^  CGOH,  k  Hquividt^nt  to  tho  addition  of  CO..;  bo  the  exchajige  of  H 
for  (sulphoxyl  ie  e<juivalt?nt  to  tht^  udflition  of  SOj.  The  Ititter  i>ro<!eed«  directly,  for 
iustmnet  C,iH«  -  !HO--C,^H.v(yOX)H:l- 
In  Clmpter  VI 11,  we  »«iw  tbat  the  utriu-ture  of  bydrocarlwus  might  imd  ought  to  b« 
repn  tieiited  by  tb«  presence  of  CHj,  CHj,  CHj  lUid  C — nidicleti  of  methnne,  stArtin^ 
from  niethfuiti  itt»elf ;  therefore  the  rttom»  of  hydrogen  are  retained  by  Hepiurat«  aioms  of 
c'rtrUon^  wbicli  refers^  ttltJo  ttt  OH^  COOIf ,  H,nd  other  rftdieles.  Althoiigli  with  one  atom  of 
carbon,  H^;,  H-,  and  H.^^  nr  Heveral,  CH;^,  CU  A'c,,  may  h«  reLaiiied^  yet  not  more  IhaJi  oae 
of  hydroxy  I  miiy  bt»  retiidued.  And  therefore  there  ia  no  itleohol  CH2<0H)i  or  CjHi(OH)4. 
The  carboxyl,  as  well  a»  the  sulphoxyl,  Nubstitution  of  hydrogen  iii  hydn>cHrbona,  leAdft  to 
the  fomiuiitiou  of  acid*.^  beejiune  thc^  dexivative  acidi*  HjCOj  and  H.jt^O*  ar«  bibasic. 
Nitric  ttcid.  being  niDnohaHie^  ia  nimhle  to  form  a  Almilar  nidicle*  It«  radicle^  NO5,  does 
not  contain  hydrogen,  (tnd  does  not  pri>duc'e  atidity,  but  ims  the  aame  relution  to  the 
tMiid  NO>(OHl  an  carhoxyl  to  carhtmic  arid. 

Aa,  ttc'coribng  tutbedeterminationB  of  ThomHen,  theheat  of  eombuHtion  of  Vtievapourw 
of  acidn  RCO7  ih  known  where  R  i*.  a  hydroe^arbon,  and  the  heat  of  eojiibu»tion  uf  the 
bydrociirbon«  H  tlnjniselveH,  it  nmy  be  tiecn  thjit  the  fftrmatioii  of  aoidi*,  RCO^,  £roin 
R  +  COj  i»  always  accompanied  by  a  smufl  nL>Kor[»ti4>n  or  development  of  heat.     We  gi^v 
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HCO^H,  acetic  acid,  CH^CO^H,  .  .  .  stearic  acid,  C.^llgj^,  CO2H,  ^kc. 
The  double  substitution  will  give  bibasic  acids^  C„H2„(^0aH){C0.^H) ; 
for  instance,  oxalic  »  =  0,  mtilonic  h^I,  succinic  acid  /^^2,  Jtc,  To 
benzene,  C^H,,,  corresptmd  benzoic  acid,  CtjH-^(CO._jH),  phthalic  acid 
{and  its  ifiomerides),  CfiH^{C02ii)^,  up  to  melitic  acid,  Q^(C0^I1)qj  in 
all  of  which  the  basicity  is  equal  to  the  number  of  carboxyl  giimpg.  As 
many  isomerides  exist  in  ilydro<^arbons,  it  is  readily  understood  not 
only  that  such  can  exist  also  in  organic  acids,  but  that  their  numl^er 
and  structure  may  be  foreseen.  As  in  hydrocarbons  the  hydi*ogen  may 
hi)  replaced  by  chlorine,  hydroxyl,  Jbc,  evidently  the  samt?  is  possible 
with  organic  acids.  And,  therefore,  the  niimber  and  transformations  of 
stich  compounds  are  exceedingly  great.  This  complex  and  most  interest- 
ing branch  of  chemistry  is  treated  separately  in  organic  chemistry. 

Carbonic  Oxide, — This  gas  is  formed  whenever  t!ie  combustion  of 
•organic  sul>stances  takes  place  in  the  presence  of  a  large  excess  of  incan- 
descent charcoal ;  the  air  first  burns  the  carbon  into  carbonic  anhydride, 
but  this  in  penetrating  through  tlie  red-hot  charcoal  is  transformed  into 
carbonic  oxide,  CO2  +  C— 2C0.  By  this  reaction  carbonic  oxide  is  pre- 
pared by  passing  carbonic  anhydride  through  charcoal  at  a  red  heat.  It 
may  be  separated  from  the  excess  of  carbonic  anliydride  by  passing  it 
through  a  solution  of  alkali,  which  does  not  absor)*  carbonic  oxide.  This 
reduction  of  carbonic  anhydride  explains  why  carbonic  oxide  is  formed 
in  ordinary  clear  fires,  where  the  incoming  air  passes  over  a  large 
surface  of  heated  coal.  A  blue  flame  is  then  observed  burning  above 
the  coal  ;  this  is  the  Ijurning  carbonic  oxide.  When  charcoal  is 
burnt  in  stacks,  or  wlien  a  tliick  layer  of  coal  is  Imrning  in  a  brazier, 
and  under  many  similar  circumstances,  carlvonic  oxide  is  also  formetL 
In  metallurgical  processes,  for  instance,  when  iron  is  smelted  from  the 
ore,  very  often  the  same  process  of  conversion  of  carbonic  anhydride 
into  carbonic  oxide  occurs,  especially  if  the  combustion  of  the  coal  be 
effected  in  high,  so-called  blast,  furnaces  and  ovens,  wdiere  the  air 
enters  from  the  lower  part  and  is  compelled  to  pass  through  a  thick 
layer   of   coah     In    tliis   way,    also,    combustion  with    flame  may  be 


the  heniu  oi  combufttion  In  ihonsands  of  Cfdori«8,  refturing  to  tlio  moleculiu-  weighltj  of 
the  buminj^  uabstanceB: — - 

08-4  213 
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RCO^i^ 
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C,He 

CaH, 

870 

777 

8»7 

76« 

Thus  H-j  corresipouds  with  formic  Ac'id,  CHjO.j ;  bcozene,  C«He,  with  benzoic  acid,  C^H^Oj* 
The  data  for  the  httt«;r  are  taken  frcnn  Stobmaim,  and  refer  to  the  aohd  condition.  For 
lonnio  acid  Stohimum  giveii  the  beat  nf  oorahustion  as  5U0O0  caJories  in  a  liquid  ^tate, 
biti  in  ft  staie  of  vapour,  646  thouMUid  uuitti,  which  ia  much  leas  than  according  to 
ThoDtBen, 
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obtained  from  tliose  kinds  of  fuel  which  under  ordinary  conditioiis^ 
burn  without  flame  :  for  instance,  anthracite,  coke^  charcoal.  Heating 
by  means  of  a  gas-producer — that  is,  an  apparatus  producing  carljonie 
oxide  from  fuel— is  carried  on  in  the  same  manner.'^  In  ti-ans- 
forming  one  part  of  charcoal  into  carlionic  oxide  24*20  heat  unita 
are  given  out,  and  on  burning  to  carbonic  anhydride  8080  heat  units. 
It  is  evident  that  on  transforming  the  charcoal  first  into  carbonic 
oxide  we  obtain  a  gas  which  in  Imrning  is  capable  of  giWng  out  5660 
heat  units  for  one  part  of  charcoal.  This  preparatory  transforma- 
tion of  fuel  into  carbonic  oxide,  or  producer  gas  containing  a  mixtu 
of  carljonic  oxide  (about  ^  by  volume)  and  nitrogen  (§  volume),  in 
many  oases  presents  most  important  advantages,  as  it  is  easy  to 
completely  bum  gaseous  fuel  without  an  excess  of  air,  which  woulii 
lower  the  temperature.*"  Tn  stoves  where  solid  fuel  is  burnt  it  is  im- 
possible to  effect  the  complete  combustion  of  the  various  kinds  of  fueXi 
without  admitting  an  excess  of  air.  Gaseous  fuel,  such  as  carbonic  oxide, 

•*  In  gaa'prwlucertt  nil  tiirHtmaricoun  fuels  wrtt  traiietfortiiefl  mtn  inflftmnittble  giw.     InJ 
those  which  (on  accotlnt  tif  their  tiliglit  dennity  and  larp**  amotirit  of  water,  or  ui<}r»m' 
bUBtihIe  aduiixtareH  whiirli  ahuorb  heat)  are  oot  aa  cap&hle  of  gi^  ing  a  high  tf  itJii*^riiJti 

in   ordinary   ftimaceH— for   in^taiir^,   fi] 
coni^B,  peat,  the  lower  kinde  of  coal,  \:ej% 
— the  same  gas  in  obtained  tm  with  th€ 
best  kiudft   of   eoal^  beeaoMe  the  w»ti 
oondetiHeH  on  cooling,  aud  tlm  &flUe«  itn4 
earth)'   iiuitter    renuiiii    in   tb«   gtt»-pr«>«1 
dneer.     Tin?  conHtrurtifin  of   n   piA-pro 
dncer  is   »eeii   froni    the  aecompiaiying 
drawing.   The  fuel  lies  Dti  the  firebars  O,- 
the  air  eniern  through  tbeni  and  the  anU*' 
hole  (drawn  by  tbe  druujjht  of  the  chiiime| 
of  the   stove    where    the   j;as   hum*, 
eW  forced  by  a  blowing  appamtut*),  1 
quaHtity  of  air  being  exactly  regulat 
by  m*NUiB  of  valveft.     The  gAaan  lomifi' 
are   then   led   by   the  tube  V,  provide 
with  a  %'alve,  into  the  ga»  umin,  U,     Tlw 
ndditioi)    of   fuel   ought    to  prt»c«Med 
such  a  way  an  ii\  avoid  th(»  aeparation  * 
carbouie  nnliydride  ;  hence  the  spacti  . 
i»  kept  ^\\*h\  with  the  combui»tible  ftlidl 
covered  with  a  lid. 

^  xVn   excpsH  of  air  lowen*  the  ten 
perature  of  combtiBtioTi,  bf^cauw   it 
conie«    heated    iteelfT    aw    e^qilnined 
Chapter  Ul.     In  ordinary  furnace**  lh<ii 
excetiiH  of    air  is  three    or    four    time 
greater   thmi   the  quantity  retjuijped    for   perfect   c3ombn»tion.     In  the  best  furaBAsoa^ 
(with  5re-barB,  reguhited  air  supply^  and  correRponding  chimney  draught)  it  ia  iiecDSBiuy 
to  iutriKlnce  twice  as  much  air  m  is  necessary,  otherwise  the  smoke  contains  much  car* 
bonic  oxide* 
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is  eaEily  completely  mixed  with  air  and  burnt  without  excess  of  it. 
If,  in  addition  to  this,  the  air  and  gas  retjuired  for  the  combustion  be 
jii'^viously  heated  by  mejins  of  the  heat  which  would  oth*-rwise  be 
«8i?lessly  curried  off  in  the  products  of  combustiaii  (smoko)^'  it  is  easy 
to  reach  a  high  temperature,  so  high  (aboat  1800^)  that  phitinum  may 
be  melted.  Such  an  arrangement  is  known  as  a  rffjf  iterative  fumn^eJ^'^ 
By  means  of  this  processj  not  only  may  there  be  obttiined  the  high 
temperatures  indispensable  in  many  industries  (for  Lnstiiuce,  glass- 
working,  steel-melting,  *l*t'.),  but  also  great  advantage  "'^•'  as  regards 
the  quantity  of  fuel,  because  the  transmission  of  heat  to  the  object  to 
be  heatedj  conditions  being  equal,  is  determined  by  the  diHerence  of 
tempei'atures. 

The  transformation  of  carljonic  anhydride,  by  means  of  chaiciml, 

**  If  in  mttunfiw-'Uiriee  it  b  ueoe(i»Ary,  for  instance,  to  inAiniaiD  the  tenipertttnre  in 
u  fnmacti  iit  1000 ',  the  fliime  piiH»^e»  out  ut  X\\\»  or  ii  higher  temp«mttiiMj,  luid  ther«*fortt 
mxinh  f«t»I  is  lo-^i  in  the  fimoke.  For  the  dmughi  of  the  chimney  «,  li'iuperaturp  of 
100-  to  150  '  ift  iiufhcit^nt^  arul  therefore  the  remaiiimg  heat  ought  tri  W  iitiliK«»d.  Fnrihifi 
purpose  the  flues  are  earriefl  under  hoilerH  or  otlier  healiui^  up]N]LniitiH.  Th<*  prepurat^ary 
heating  of  the  air  ih  the  bei^t  meuni^  of  ntUiiiatuju,  aii  Ly  thiK  luenuN  the  higheHt 
temperature  le  attained  attd  the  quickest  heiittng  and  j^reateHt  economy  are  effectt^^h 

^  Regenerative  furnaces  were  introduced  hy  the  Brotheni  BiemeUH  about  the  yeAf 
IftrtO  in  niany  indmitrieii,  and  mark  a  roont  imimrtant  progresH  in  th«i  ub«  of  fuel,  ej>pe- 
eially  in  obtaining  high  temperatnrei*.  The  principle  is  as*  follows :  The  products  of  com- 
buHtion  frorn  the  furnace  are  led  into  a  chamber,  I,  and  heat  up  the  l»ri(*kH  in  it,  and  then 
poAft  into  tlie  outlet  flue ;  when  the  bricks  are  at  a  red  heat  the  [jroductu  of  combu«tion 
arepused  (by  altering  the  valvea)  intt>  another  adjoining  chumher,  II.  and  air  reqniaite 
for  th«  eomhuation  of  the  generator  ganes  i«i  piinaetl  thrnugh  1,  In  fHiKtfing  round  about 
th©  incandescent  brickK  th<?  air  is  heated^  and  the  bricks  t<Mjl— that  in,  tlie  heat  of  the 
amoke  in  returned  into  the  furnace.  The  air  iu  then  pu^i^d  through  11,  and  the  ftmoke 
through  I.  The  regenerative  burners  for  illurainttting  gnii  are  fonnded  ori  thi«  Mune 
principle*  the  pnidut^ta  of  comhugtion  heat  the  incnining  air  and  gas,  the  temperAlure  ia 
higher,  the  light  brighter,  and  an  economy  of  gnfii  is  effected  in  lighting.  Absolute  per- 
fection in  these  oppliancea  has  of  coun^e  not  yet  been  attained;  amehoration  is  still 
further  pcuHHiblct  but  dis«iOciatioii  impoeeH  a  limit  because  at  a  certain  high  temperature 
eomhinationH  do  not  ensue,  po&ftible  ternperatiireH  being  limited  by  reverse  reactions. 
Here,  an  in  a  numl»er  of  other  ca«e«,  the  ultimate  fcjnception  of  the  subject  ooght  to  be 
Umited  to  the  sphere  of  general  external  and  viaihle  advantagi^a^ 

^  At  lir»t  Bight  it  appeAr*r  absurd,  m^le«a,  iLud  parjuloxieal  to  loae  nearly  one-third  of 
the  beat  which  fuel  develops  by  turning  it  into  gas.  Actually  the  arl  vantage  is  enormouB, 
eipecially  for  prorlucing  high  temperatures,  as  is  already  Been  from  the  fact  tl>at  fuel  rich 
in  ojtygen  I  for  iustiince,  wood)  when  damp  in  unable,  with  any  kind  of  hearth  whatever^  to 
give  the  temtH?rature  required  for  glasfr-melting  or  steelca^ting,  whilf^t  in  thega»-prodnccr 
they  fumiiih  eiactly  the  Mime  ga«  an  the  drient  and  most  carlxjuaceouB  fuel.  In  order  to 
understand  the  principle  which  is  here  involved,  it  ia  suffittieut  to  turn  one's  attention  to 
the  fact  that  the  only  heat  employed  with  advantage  iw  that  wbicli  w  concentrated  in  the 
fthape  of  products  of  combustion  having  a  high  temperature.  A  large  amount  of  hi»t, 
but  having  a  low  temiJernture,  in  nuiny  ca#e«  ik  of  no  uimj  whatever.  We  are  unable  here 
to  enter  into  all  the  d**taili4  of  the  complicated  matter  of  the  appUcation  of  fuel,  and 
farther  pwticular«  must  be  sought  for  in  special  technical  treatiBe<t.  The  following 
footnotea,  however,  contain  certain  (undamental  figures  for  calcoiations  oonceraing  com- 
busUoii. 
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into  carbonic  oxirle  (C-fCOjSsCO-hCOjj  is  considered  a  rev^ersible 
reaction,  because  at  a  liigli  temperature  the  carbonic  oxide  spliu  up 
into  carbon  and  carbonic  anhydride^  tis8aiate-t*!aire  Deville  showed  by 
using  the  method  tif  tlie  *  rold  and  hut  tulw/  Inside  n  tube  heated  in 
a  furiuice  another-  thin  metaUic  (Kilverefl  cf*pper)  tube  ia  fitted,  through 
which  a  constant  streanj  of  cold  water  flows.  The  carbonic  oxide 
coming  into  contact  with  the  heated  walls  of  the  exterior  tube  forms 
charcojih  and  its  mi  nut*?  particles  settle  in  the  form  of  lampblack  on 
(the  lower  part)  of  the  cold  tube,  and,  aince  they  are  cooled,  they  do  not 
act  further  on  the  oxygen  or  carbonic  anhydride  formed.^*  A  series 
iif  electric  sparks  also  decomposes  carbonic  oxide  into  carbonic  anhy- 
dridc  and  carbon,  and  if  the  C{irl>onic  anhydride  l>e  removed  by 
alkali  complete  decomposition  may  be  obtained  (Deville)*  Aqueous  I 
vapour,  wldch  is  so  similar  to  carbonic  anhydride  in  many  i*esp€cts, 
acts,  at  a  high  temi>erature,  on  charcoal  in  an  exactly  similar  way, 
C+H^OssH.j  +  CO.  From  2  volumes  of  carbonic  anhydride  with 
charcoal  4  volumes  of  carlwnic  oxide  (2  molecules)  are  olitained,  and 
precisely  the  same  from   2   volumes  of    water   vapour  with  charcoal 

^^  TliG  fir»5t  product  of  combuutifin  of  chivrcoal  is  always  carbonic  anhydride^  iwd  not  ^ 
carbonic  oxide.     Tkm  is  i^een   from  the  fdut  tliAt  with  n.  uhidlow  livyer  of  ch&reofii  (less 
tbaji  a  de^cimetre  if  tbtj!  chArcoii.1  be  closely  pjicke<l I  turboiiiie  oxide  is  not  formed  &t  &1). 
It  ia  not  even  produced  with  a  deep  layer  of  charcoal  if  the  teniperurt lire  ia  not  above  500^, 
iind  the  current  of  air  or  oxygen  in  very  alow.     Witli  a  rapid  current  of  air  tbe  charcoal 
becomes  red  hot,  and  the  leiuperatui^  ritsetij  and  then  cttrbonic  oxide  appears  (Lang  1888)* 
N&umanii  and  Fifltor  detenuined  that  tb«  reaction  of  citrboiiic  anhydride  with  carbon 
commences  at  about  fiSl/'j  and  that  betwec^u  water  and  carbon  at  alx>ut  flOO'-'*    At  the  latter 
temperatare  earbonic  anhydride  is  formed,  and  only  with  a  ritwj  of  teiriporature  i»  car- 
bonic ojtide  formed  (LaugJ  from  the  action  of  th*?  carbonic  aidiy«iride  on  the  carbon^  and 
from  the  reaction  CO^i-Hj^CO+  H-jO.     Rathke  jlHBl)  showed  that  at  no  temfi«tnituTe  I 
whatever  is  the  reaction  tin  expresiied  by  theerpiatinn  C0>^  +  C^'1C0  complete;  a  part  of 
tbo  carbnuic  aniiydride  rciuaiuH,  and  I^ang  dettTuiiued  that  At  about  lOOO"^  not  led*  than 
a  p.e.  of  the  L'arlM)nic  anhydride  remains  untraniiformed  into  carbonic  oxide^  even  after 
the  acti*in  has  been  continued  for  several  honrw.    The  endotberuial  reactions,  Ch-SH^O^ 
CO^  +  aHj,  and  CO+  HjO- 00-2  + H.f,  are  just  aw  incomplete*     Thin  is  made  clear  if  we 
nrite  that  on  the  one  liand  the  al»ovc-mejitioned  reactions  are  all  reverHible^  and  therefore 
bounded  by  a  limit ;  and,  ou  the  other  band,  that  at  *lKJut  500^  oxygen  begina  to  combine 
with  hydrogen  and  carbon^and  also  that  the  lowt;r  limits  of  ditieociation  of  water,  carbonio  I 
anhydride,  and  carlxjnio  oxide  lie  near  ane  ant»thpj"  between  500"  and  1200^.     For  water 
and  carbonic  oxide  the  lower  limit  of  the  commencement  of  dinsociation  in  ankiiowa^  but 
judging  from  the  accnmulated  data  (ac<!ording  to  Le  Chat«*lier,  IHHH}  that  of  carbonic 
anhydride  may  be  taken  as  about  10,50^   Even  at  about  200'  half  the  carbonic  anhyitrido  i 
diRHociateft  if  the  pressure   be    Buiall,  about  Omil    atunaypbere.      At   the   atmoHpheric  \ 
preaanre,  not  mere  than  0'l>f>  of  the  carbonic  atiliydride  dt^eomjioBerf*     The  inrtnence  of  j 
preaBure  in  here  evident,  for  the  reatnuj  that  the  ^phtting  up  of  earbonio  anhydride  into  \ 
carbonic  oxide  and  oxygtm  m  accompanied  by  an  increase  in  volume  (aa  in  the  oai>e  of 
the  diasociation    of   nitric  peroxide.     See   Chapter    VI*    Not^  4tV).     As  in  iiiovei   and  I 
1  impB,  and  alfto  with  explosive  »ub»tanceB,  the  temperature  in  not  hi|^her  than '2lMM>"  to  j 
aSOO*^,  it  is  evident  that  although  the  partial  pressure  of  carlxmic  onhvilrrde  i»  small,  »till  j 
its  diaaociatiou  cannot  be  conHiderable,  lujd  probably  doea  not  exceed  r>  p.o. 
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4  volumes  of  a  gas  consisting  of  hydrogen  aiid  carbonic  oxide  (H^-f  CO) 
is  formed.  This  mixture  of  combustible  gases  is  called  water  gan,^^ 
But  aijueous  vapour  (and  only  when  strongly  superheated,  otherwise 
it  co*»ls  the  chiircoal)  only  acts  on  charcoal  to  form  a  largo  amount  of 
carl>onic  oxide  at  a  very  high  temperature  (when  carbonic  anhydride 
dissociates)  ;  it  begins  to  react  at  al>out  500°,  forming  carbonic 
anhydride,  according  tu  tlie  equation  C-h2HX>  =  C024'2H2.  Besides 
this,  carlxmie  oxide  on  splitting  up  forms  carJjonic  anhydride,  and 
therefore  water  gas  always  con tjuns  a  mixture  -""'  in  which  hydrogen  pre- 


*^  A  multtcul&r  weight  of  this  jtas»  nr  *i  voIuiikjh  CO  (28  gram»),  on  QOiubu«tio» 
(fomiing  CO^k)  g^iven  oat  iW,OUc»  Ijeat  unil  h  (Tliri]iim.'n  «7W(I0  oftlorips).  A  molecular  weight 
of  hydrogen,  H  ►  for  *i  vohnnt,»K|,  «l*»veloj>s  on  Imniing  into  iiquid  wator  OOWO  bent  mtits 
(according  to  Thojjiew'n  BHftlX)),  bnt  if  it  fonns  aqneouf)  vapour  6H000  heat  iinilH.  Chitr* 
cotti,  resolving  itnelf  hy  {Mimbimtiiiii  into  the  molecular  quantity  of  COj  Ci  volumefl), 
develops  tiTOlKJ  ht?At  unitH,  B^rom  Llit^  daU  fLiriiiHhod  by  tlier^F!  exothennal  reactions  it 
followA,  fl)  tluit  thn  nxiditiion  <if  solid  charcoal  intf*  carWmic  oiide  developii  20000  heat 
imiia ;  {%)  Uiat  the  reaotiou  C  +  COj  -  aCO  abnorhs  moim  b«*Ht  units ;  (3)  C  +  H,,0  =  H^  +  CO 
abititrbt  iit  the  wat*r  be  in  a  state  of  vapour)  SiWOO  t^aloHeSi  but  if  Uie  watt*t'  be  liquid 
40000  c*1om»*  taimoHt  as  much  m  C-CO.);  (4)  C  +  Hi0  =  CO5  4 'iH.^  fi6*ori*  iit  th« 
water  be  in  a  stale  of  vapour)  11M)0«  heat  unitn ;  (5)  the  reiLctiou  C0  + H.j0  =  CQ^'»-Ha 
drrthpx  lOOOO  bent  niiits*  if  live  water  be  in  thv  statt^  of  vapour. 

Therefore  it  lollows  tltiit  il  volunieti  of  CO  or  H.j  bunung  into  CO^  or  H^O  develop 
almost  the  fiame  ajinmiit  of  heat,  just  h»  idtto  tlie  heat  effects  corresponding  with  Itae 
equations 

C+H,,0  =  CO  +  H^t 
C4c6.j  =  C0-rC0 
*re  newrly  equal. 

**  Water  gat,  obtained  from  aie&m  %i  «  white  heAt,  contains  about  50  p.c.  of  hydro* 
gen,  about  40  p.e.  of  carbonic  ostide^  about  5  p.e,  of  carbonic  anbydridet  the  remainder 
being  nitrogen  from  the  charcoal  and  air.  Compiired  with  producer  gat^^  which  contAUis 
iDQch  nitrogen f  this  i^  a  gas  much  richer  in  coiuburttible  matter,  and  therefore  capable  of 
glTing  high  temperattirefi,  and  itt  for  tbiM  rt^ajsoii  of  the  greatest  utility.  11  carbotiie  &ahy- 
dride  euuld  b«  Ah  readily  obtained  in  aM  pure  a  utate  a^  water,  there  would  be  no  dilTer- 
«Dce  in  the  heating  fiowerH  of  producer  gae  and  water  gat$.  Ak  regards  the  utihsjitiou  of 
the  heat  of  the  charcoai  there  is  no  difference,  because  on  burning  carbonic  oxide  girda 
out  aluiost  iiM  much  heat  atf  hydrogen—even  more  if  the  Hmoke  ban  a  tem[»erature  above 
100°,  And  the  wtiter  reoiiiius  ai«  va|M-)ur  iNote  !I5K  But  water  gaii  stands  higher  Lhiui 
prodncer  gaa  at^  regards  the  concentration  of  the  fuel  in  its  transformation  into  gas,  and 
therefore  iu  places  where  a  particutarly  high  temperature  m  required  (for  instance,  for 
lighting  by  means  of  incandemtent  bnie  or  Jmigiiesia,  c*r  for  steel  melting,  Arc),  and  for 
distributing  through  pipes  at  great  distances,  water  gas  is  at  present  held  in  high  esti- 
mation^  but  when  un  ordinary  fnrnaces,  reheating,  glass-melting,  and  other  fnrnaees)  % 
very  high  temperutnre  is  not  required,  iind  there  is  no  need  to  convey  the  giui  in  pipea, 
producer  gujK  is  generally  preferred  on  account  of  the  i^implieity  of  ita  preparation, 
esiieci&lly  as  for  water  gas  such  a  high  temperature  is  requir«$d  tbiit  the  plant  sogn 
becomes  damaged. 

Water  gas  is  prejiared  (there  are  very  ni^ixj  syRtems,  but  the  American  patent  of  T. 
Lowe,  of  Norristowii,  Pennsylvania,  is  much  UMfdf  in  a  cyHndrieal  generator,  iuto  whioli 
heated  iiir  is  iiitro»luced,  in  order,  by  partial  combustion  of  the  coke,  to  heat  the  remainder, 
dtc»,  to  a  white  beat.  The  products  of  combustion  containing  carbonic  oxide  are  utilised 
in  a  eontrirance  for  superheating  steatn,  which  is  then  jjassed  over  the  white  hot  coke, 
Water  gas^  or  a  miacture  of  hydrogen  and  carbonic  oxide,  is  thu«  obtained,    The  practical 
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dominates,    the  volume  of  carVionic    oxide  being   comparatively    less^^ 
wliilst  the  amoyiit  of  carbonic  anhydride  increases  as  the  temperate 
of  the  reaction  decreases  (genentlly  it  is  more  than  3  per  cent,). 

Metals,  like  iron  and  zinc,    which  at  a  red    laeat  are  capable   o£ 
decomposing  water  with  the  formation  of  hydrogen^  also  decompose 
carlwnic  anhydride   with   the    forma tlon  of  carbonic   oxide  ;  so  Ixitkl 
the   ordinary  products   of  complete  combustion,   water  and   carboniol 
anhydride,    are   very  similar   in    their  reactions — and  hydrogen  m^y 
be  compared  with  carbonic  oxide.     The  metallic  oxides  of  the  ahove-l 
mentioned  iiietjds,  when  reduced  by  charcoal,  also  gi^e  carbonic  oxide. 
Priestley  obtained  it  l>y  heating  charcoal  with  zinc  oxide.     It  must 
held  that  hei-e  carl>onic  anhydride  is  lirst  produced,  but  that,  combining 
with  carbon,  it  forms  carKionie  oxide.     As  free  carl  ionic  anhydride  may  I 
be  transformed  into  carbonic  oxide,  so,  in  the  same  way  precisely,  may  I 
that  c;irbonic  acid  which  is  in  a  state  of  combination  ;  therefore,  ifj 
magnesium  or  barium  carbonates  (MgCO^  or  BaCO^)  be  heatetl  to 
red  heat  ^nth  charcoal,  or  iron  or  zinc,  carbonic  oxide  will  be  produeed- 
for  instance,  it  is  obtained  by  heatinj^  an  intimate  mixture  of  9  parts 
of  chalk  and  1  part  of  charcoal  in  a  clay  retort. 

Many  organic  substances  '^  oti  l>eing  heated,  or  under  the  action  of ' 

ditlerent  agents,  yield  carbonic  oxide  ;  amongst  these  are  many  organic 

or  carboxylic  acids.    The  simplest  are  formic  and  oxalic  acids,    Farmiel 

-Ifccid,  CH.^O^,  on  being  heated  to  '200°,  easily  decomposes  into  carboniol 

Dxide  and  water,  CH^02  =  C0H-H20.     This  reaction  may  be  effected  I 


aide  of  the  qUfHtjun  reRolvea  itwlf  into  iitiliFiiiig  all  ibe  ht^al  given  out  by  the  (<hju-i'4>jvlj 
and  cijntiitBt^d  in  tlie  iticandeficent  gas,  for  beating  np  tli«  air,  for  the  forniation  «uid  snper 
h«<iiting  (it  thu  tttetim. 

Water  giks  is  Boinetimes  called  *  the  fuel  of  the  future^  becauBe  it  is  Applicabt«  k»  nil 
pi]r[M)H€aT  developfi  a  ki{^h  teiti]>erature,  iind  ir  Uierefore  tLvailftble,  not  only  for  dotnciisstiel 
and   imlustnid   iiBeB,   but   ai»o    for   gas-motors   (page   172)  and  for  li>rbtiug*      For  th«] 
bitter   ]iurfMirti3   platinuiih  liniB^  inagriestH^  Eirconia^  and  Binillar  suliHtantieH  (as   in   tliQ  * 
Dnitiimund  bgbt,  CbupU^r  IlI.K  art?  rendered  iiieandeHcent  in  tbe  fiam«,  or  else  the  |;ii«  is 
carhurrtiefj — that  itt^  mixed  with  tbe  vtiponrn  of  volutib*  bydrotarbonsj  generally  l»enjii<*ro 
or  uapbthti,  nivpbthnb^ne^  or  simply  naphtha  g<vH)»  which  eomniiiiiii  n,t«  tn  the  pj^le  (lAiue 
of  carbonic  oxide  and  bydrogtn  h  great  brilliiuiey,  ovriug  to  the  lii^di  teniperatuit*  dev«*U*ped^  . 
by  the  ('ondniHtimi  of  tlae  mtn-lurainous  gaaes*     As  water  gtis,  iM.>kiHef*tiing  thf  Ke  pnopertittfl^J 
uiiiy  be  prepared  wt  t entral  worktt  and  eonveyefl  in  pii>OH  to  the  tonHumi*rrt,  may  \h\  pn>.1 
diieod  from  any  kind  of  fuc4,  and  (mglit  to  be  much  eheji|K*r  than  ordinary  g«tA,  it  luay  I 
actutdly  be  considered  that  in  eourHt?  of  time  4  when  practice  will  have  dcterraintHi  ih< 
cheap^fit  and  best  way  to  prepare  it)  it  will  not  only  viUpptimt  ordinary  gas*  but  will  withj 
advantage  everywhere  replaee  the  ordintyry  fornih  of  fueh  wbii'b  in  mevny  reBpeots  Ar«il 
inconvenient.     At  present  its  conNnniption  spreiulH  prinuipally  fr>r  ligbtitig  por{KWM»,  ttod 
for  use  in  giu»-engine»4  iuHtead  of  ordinary  illnminating  gas. 

^  The  Mo-called  yellow  pniswiate,  K4FeC^5Nci,  on  being  beated  with  tnim  parts  of  KtrtiiO^ 
sulpburii!  mi(\  ff^mti^  a  eonaidf^rabli^  quantity  of  very  pure  carboiiiu  oxide  cuniplbL«3ly  ftttft 
frqm  carbonic  anhydride. 
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by  mixing  formic  acid  with  glycerin,  because  in  a  separate  state  it  vola- 
tilises much  earlier,  and  therefore  cannot  be  heated  up  to  the  required 
temperature.  The  salts  of  formic  acid,  on  being  heated  with  sulphuric 
acid,  yield  carbonic  oxide.  Usually,  however,  carbonic  oxide  is  pre- 
pared in  laboratories,  not  from  formic  but  from  oxalic  acid,  C2H2O4, 
the  more  so  as  formic  acid  is  itself  prepared  from  oxalic  acid.  The 
latter  acid  is  easily  obtained  by  the  action  of  nitric  acid  on  starch, 
sugar,  &c.  ;  it  is  also  found  in  nature.  Oxalic  acid  is  easily  decom- 
posed by  heat ;  its  crystals  first  lose  water,  then  partly  volatilise, 
but  the  greater  part  is  decomposed.  The  decomposition  is  of  the 
following  nature  :  it  splits  up  into  water,  carbonic  oxide,  and  car- 
bonic anhydride,^®  C2H204=:'H20-f  CO2  +  CO.  This  decomposition 
is  generally  practically  effected  by  mixing  oxalic  acid  with  strong 
siilphuric  acid,  because  the  latter  favours  the  decomposition  by  taking 
up  the  water.  On  heating  a  mixture  of  oxalic  and  sulphuric  acids  a 
mixture  of  carbonic  oxide  and  carbonic  anhydride  is  evolved.  This 
mixture  is  passed  through  a  solution  of  an  alkali  in  order  to  al)sorb 
the  carbonic  anhydride,  whilst  the  carlx>nic  oxide  passes  on.  Oxalic 
acid  in  admixture  with  glycerin,  on  being  heated  first  to  100^  and 
then  to  140°,  decomposes  in  a  similar  manner. 

In  its  physical  properties  carbonic  oxide  resembles  nitrogen  ;  this 
is  explained  by  the  equality  of  their  molecular  weights.  The  absence 
of  colour  and  smell,  the  low  temperature  of  the  absolute  lioiling 
point,  -140°  (nitrogen  —146°),  the  faculty  of  solidifying  at  —200** 
(nitrogen,  -202°),  the  boiling  point  of  -190°  (nitrogen,  -203**), 
and  the  slight  solubility  (page  78),  of  carlx)nic  oxide  are  almost  the 
same  as  in  those  of  nitrogen.  The  chemical  properties  of  both 
gases  are,  however,  very  different,  and  in  these  carlK)nic  oxide  re- 
sembles hydrogen.  Carlx)nic  oxide  bums  with  a  blue  flame,  giving 
2  volumes  of  carbonic  anhydride  from  2  volumes  of  carlxinic  oxide,  just 
as  2  volumes  of  hydrogen  give  2  volumes  of  aqueous  vapour.  It 
explodes  with  oxygen,  in    the  eudiometer,   like   hydrogen.^     When 

**  The  decom[KMition  of  formic  and  oxalic  acids,  with  the  formation  of  carbonic  oxide, 
considering  tfae«e  acidi>  a^  carboxyl  derivativeH,  mav  be  explain<9<l  an  followw : — Hie  first 
it  UlCOOU),  and  the  second  (COOU,I2t  or  H3,  in  which  one  or  both  partnof  hydrtfgtm  are 
exchanged  for  carboxyl;  therefore  they  are  etjual  to  ILi^CO-^  and  H^-r2CO;;;  bat  H.^ 
reacts  with  CO^  as  has  been  stated  above,  forming  CO  and  H/J.  From  tluM  it  is  also 
evident  that  oxalic  acid  on  losing  CO^  formB  formic  acid,  and  alfeo  that  the  latter  maj 
proceed  from  CO-  H/J.  af»  we  «hall  nee  farther  on. 

^  It  is  remarkable  tliat.  according  to  the  investigationn  of  Dixon,  i^rfectly  dry 
carbonic  oxide  n^Mr.^  not  explode  with  oxygen  when  a  fe>park  of  low  inteij»lty  ib  abed,  bnt 
an  exp>>&ion  takei^  pLM.e  if  there  i»  the  blightest  admixtare  of  nioi%;ure.  L.  Meyer, 
however.  ftLowe^l  that  Ki^^rkt^  *ii  an  electric  discharge  fif  conniderable  intenhity  pro- 
daoe  an  explosion.     I  think  that  this  may  be  explained  by  the  fact  that  water  with 
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breathed  it  acts  as  a  strong  poison,  because  it  is  absorbed  by  the 
1  ilood  ;  "^  this  explains  the  action  of  charcoal  fumes,  the  prcidncts  of 
the  incomplete  combustion  of  ehareoal  and  other  carbonaceous  fuels. 
Owing  to  its  faculty  of  combinijig  with  oxygen^  carb<3nic  oxide  acts  as  a 
powerful  redudntf  agent^  t^aking  up  the  oxygen  from  many  compounds 
at  a  red  lieat,  and  being  itself  transformed  into  carbonic  anhydtide* 
The  reclBcing  action  of  carbonic  oxide,  how^ever,  is  (like  that  of 
hydrogen,  Chapter  TL)  naturally  contined  to  those  oxides  which  easily 
part  with  their  oxygen — as,  for  itistancej  copper  oxide  whilst  the, 
oxides  of  magnesium  or  potassium  are  not  reduced.  Metallic  iron  itself  I 
is  capable  of  reducing  carbonic  anhydride  into  carhrmic  oxide,  just  as.] 
it  liberates  the  hydrogen  from  water.  Copper,  which  does  not  de- 
compose w^ater,  does  not  decompose  carbonic  oxide.  If  a  plat  in  una 
wire  heated  to  300^,  or  spongy  platinum  at  the  ordinary  tempera^ 
ture,  be  plunged  into  a  mixture  of  carbonic  tixide  and  oxygen,  or  of 
hydmgen  and  oxygen,  the  mixture  explodes.  These  reactions  remind 
one  exceedingly  of  those  which  are  peculiar  to  hydrogen.  The  follow- 
ing important  distinction,  however,  exists  between  them,  namely  :  the 
molecule  of  hydrogen  Is  comprised  of  H„,  a  group  of  elements  divisible 
into  two  like  parts,  whilst,  as  the  molecule  of  carbonic  oxide,  CO, 
contains  unlike  atoms  of  carbon  and  oxygen,  in  none  of  its  reactions  I 
of  coml)inatioii  can  it  give  tAvo  nmlecules  of  matter  containing  its 
elements.  This  is  particularly  noticeable  in  the  action  of  chlorine  on 
hydrogen  and  on  carbonic  oxide  respectively  ;  with  the  former  chlorine  ] 
forma  hydrogen  chloride,  and  with  the  latter  it  produ(*es  the  so-called 
carbouyl  chloride,  COClj  ;  that  is  to  say^  the  molecule  of  hydrogen,  H^* 
under  the  action  of  chlorine  divides,  foi*ming  two  mtjlecule^  of  hydro- 
chloric  acid,  whilst  the  molecule  of  carbonic  oxide  entirely  enters 
into  the  molecule  of  carbonyl  chloride.  This  characterises  the  so- 
called  diaiormc  or  bivalent  reactions  of  radicles  or  remdues.  H  is  a 
mormtoraic  residue  or  radicle,  like  K,  CI,  anfl  others,  whilst  carlxmic 
oxide,  CO,  is  an  indivisible  (without  decomposition)  liivalent  radicle, 
equivalent  to  11  ^  and  not  tt*  H,  inid  therefore  combining  with  Xj  and 


carbonic  oxifl<?  gives  carbonic  anhydriile  wnd  liyflrngf>n,  L»«t  hydrogen  with  oxygen  gives 
bydn>gen  [>ero3tid*?  (Chapter  Vri.  p^  805),  which  with  rarhoiiic  oxide  form*  cjirtx>iiic 
iiiihylride  and  water.  The  wntt^r,  tlier<*fore,  in  renewed,  und  tiLirain  Berveft  the  )>M;m(* 
purpose,  Bnt  it  maj'  be  that  hi! re  it  is  ne<;e»Bary  to  acknowledge  a  Bimple  cont«i?t 
inftnecice. 

'■^  Curbonic  oxide  ifl  a  very  quick  poieon,  becmifle  it  ia  absorbed  by  the  blood  lu  tb^ 
»amo  way  a»  oxyj^t^n.  In  additifin  Ut  tiiin^  the  Hpectrom  of  the  absorption  of  the  blood 
OhanffeH  Mi  thoit  by  the  help  rjt  hlood  it  in  easy  to  detec^t  the  NlighteHt  tracer  of  carlKinic 
oidde  in  the  air*  M.  A.  KajioiistJn  found  that  linseed  oil  (and  therefore  oil  [tAinta) 
oupuble  of  giving  of!  carbonic  oxidii  while  dryinf^  (ab^rbiug  oxygen). 
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interchangeable  with  Hj.    This  distinction  is  evident  from  the  annexed 
comparison  : 

HH,  hydrogen.  CO,  carbonic  oxide. 

HCl,  hydrochloric  acid.  COCl^,  carbonyl  chloride. 

HKO,  potash.  C0(K0)2,  potassium  carbonate. 

HXHg,  ammonia.  CO(NH2)2,  urea. 

HCH3,  methane.  CO(CH3)2,  acetone. 

HHO,  water.  C0(H0)2,  carbonic  acid. 

Such  monatomic  (univalent)  residues,  X,  like  H,  CI,  Na,  NOj,  NH4> 
CH3,  CO2H  (carboxyl),  OH,  and  others,  in  accordance  with  the  law 
of  substitution,  combine  together,  forming  compounds,  XX'  ;  with 
oxygen,  or  in  general  with  diatomic  (bivalent)  residues,  Y — for  instance, 
with  O,  CO,  CH2,  S,  Ca,  <fec. — compounds  XX'Y  ;  but  diatomic 
residues,  Y,  sometimes  capable  of  existing  separately,  combine  together, 
YY'  and  with  Xj  or  XX',  as  we  see  from  the  transition  of  CO  into 
CO 2  and  COClj.  This  combining  faculty  of  carbonic  oxide  appears  in 
many  of  its  reactions.  Thus  it  is  very  easily  absorbed  by  cuprous, 
chloride,  CuCl,  dissolved  in  fuming  hydrochloric  acid,  forming  a 
crystalline  compound,  COCu2Cl2,2H20,  decomposable  by  water ;  it 
combines  directly  with  potassium  (at  90°),  forming  (KCO)^**  with 
platinum  dichloride,  PtCl,,  with  chlorine,  Clj,  <fec. 

But  the  compounds  of  carbonic  oxide  with  the  alkalis  are  still  more 
remarkable — for  instance,  with  potassium  or  barium  hydroxides,  «kc. — 
although  it  is  not  directly  absorbed  by  them,  as  it  has  no  acid 
properties.  Berthelot  (1861)  showed  that  potash  in  the  presence  of 
water  is  capable  of  aljsorbing  carlx)nic  oxide,  but  the  absorption 
takes  place  slowly,  little  by  little,  and  it  is  only  after  being  heated 
for  many  hours  that  the  whole  of  the  carbonic  oxide  is  absorbed  by 
the  potash  The  salt,  CHKO.^,  is  obtained  by  this  absorption  ;  it  cor- 
responds with  an  acid  found  in  nature,  namely,  the  simplest  organic — 
carboxylic- -acid, y<>r;wtc  arid^  CHgOj.  It  can  be  extracted  from  the 
potassium  salt  by  means  of  distillation  with  dilute  sulphuric  acid, 
just  as  nitric  acid  is  prepare<l  from  sodium  nitrate.  The  same  acid 
is   found    in   ants,  in   nettles  (when    the    points  of  the  nettles  enter 

^*  The  molecule  of  metallic  potaKtiium  (Scott,  1887 1,  like  that  of  mercury,  contains  one 
atom,  and  it  is  jirohably  in  ^-irtue  of  this  that  the  molecules  CO  and  K  combine  together. 
But  as  in  the  majority  of  cases  potassium  acts  as  a  univalent  ra<li<le,  the  polymeride 
K.^C^.O,.  is  formed,  and  probably  KioC'ioOi,^  because  prcjducts  containing  Cio  are  formed 
by  the  action  of  hydrrK-hloric  acid.  Tlie  black  mass  formed  by  the  combination  of 
carlx>nic  oxide  with  [)otas>ium  explmles  with  great  ease,  and  oxidises  in  the  air.  Although 
Brodie  and  Lerch  have  greatly  extended  our  knowledge  of  this  compound,  much  still 
remains  unexplained. 
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the  skin  they  break,  and  the  corrosive  formic  acid  enters  into  the 
body);  it  is  obtained  during  the  action  of  oxidisihg  agents  on  many 
organic  substances  ;  it  is  formed  from  oxalic  acid,  and  under  many 
conditions  splits  up  into  carbonic  oxide  and  water.  In  the  formation 
of  formic  acid  from  carbonic  oxide  we  observe  an  example  of  the 
synthesis  of  organic  compounds,  such  as  are  now  very  numerous,  and 
are  treated  of  in  detail  in  organic  chemistry. 

Formic  acid,  H(CH02),  carbonic  acid,  H0(CH02),  and  oxalic  acid 
{CH02)2,  *^  *^®  simple  organic  or  carboxylic  acids,  R(CH02)  cor- 
responding with  HH  and  HOH.  Proceeding  from  carbonic  oxide,  CO, 
the  formation  of  carboxylic  acids  is  clearly  seen  from  the  fact  that  CO  is 
capable  of  combining  with  Xj,  that  is,  forming  COXj.  If,  for  instance, 
one  X  is  an  aqueous  residue,  OH  (hydroxyl),  and  the  other  X  hydrogen, 
then  the  simplest  organic  acid — formic  acid,  H(COOH) — is  obtained. 
As  all  hydrocarbons  (Chapter  VIII.)  correspond  with  the  simplest, 
CH4,  so  all  organic  acids  may  be  considered  to  proceed  from  formic 
acid. 

In  a  similar  way  it  is  easy  to  explain  the  relation  to  other  com- 
pounds of  carbon  of  those  compounds  which  contain  nitrogen.  By  way 
of  an  example  we  will  examine  one  class  of  such  nitrogenous  com- 
pounds. There  are  ammonium  salts,  R(CNH402)  corresponding  with 
every  carboxylic  acid,  R(CH02),  which  salts  contain  the  elements  of 
water  ;  this,  with  the  assistance  of  substances  taking  up  the  water,  may 
be  separated  with  formation  of  a  special  class  of  nitrogenous  organic, 
or,  as  they  are  termed,  cyanogen  coinpou^ids,  RCN,*^'-^  because  the  group 
or  monovalent  residue,  or  radicle,  CN,  is  called  cymiogen.  From  this  the 
connection  of  the  most  varied  organic  compounds  is  apparent,  and  it  is 
not  only  expressed  in  relation  to  their  composition  but  by  a  multitude 
of  reactions.  It  is  most  important  to  turn  our  attention  to  the  two 
following  circumstances  :  (1)  We  have  already  noticed  the  various 
mutual  transformations  of  the  simplest  organic  acids,  clearly  explained 
by  the  existence  of  carboxyl  in  their  composition.  In  a  similar  way,  in 
many  reactions,  the  various  cyanogen  compounds  undergo  mutual 
transformation,  especially  hydrocyanic  acid,  H(CN),  corresponding 
with  formic  acid,  H(CH02) ;  cyanic  acid,  OH(CN),  corresponding  to 
carbonic  acid,  0H(CH02) ;  and  cyanogen,  (CN)2,  corresponding  with 
oxalic  acid,  (CH02)2«  The  mutual  transitions  of  cyanogen  compounds 
into  one  another  were  known  much  earlier  than  the  doctrine  of 
carboxylic  acids,  and   therefore    Gay-Lussac  acknowledged  cyanogen^ 

**  The  connection  of  tlie  immense  scrieH  of  cyanogen  compounds  with  the  rest  of  the 
hydrocarbons  by  means  of  carboxyl  was  enunciated  by  me,  about  tlie  year  1»60,  at  the 
first  Annual  Meeting  of  the  Russian  Naturalists. 
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CN,  as  tlie  ratUcle  of  cyanic  acid  or  hydrocyanic  acid,  HON,  form- 
ing salts,  for  instance  of  mercury^  which  latter  on  being  heated,  as 
Gtiy-Lussac  showed,  gives  cyanogen  itself,  (CN)2.  (2)  As  the  aramo- 
nium  salt  ul  a  carlioxylic  acid,  ii(CNH|iA),  contains  the  elements  of 
two  molecules  of  water,  and  molecular  quantities  are  those  which  act 
in  reactions  ;  then,  previously  t<3  forming  a  cyanogen  eomi>ound,  or 
jiitril^^  by  parting  with  two  luolecules  water,  an  animoniuni  siilt  ought  to 
form  an  amifU  by  losing  one  molecule  of  water  :  R(C02NH4)  — H.,U= 
B(CNHsO).  Amides  are  therefore  compounds  containing  the  univalent 
Amide  residue,  NHj,  of  anmionia,  or  a  compound,  COX2,  in  which  one 
X^Ii  and  the  other^^NH^.  ISuch  are,  for  instance,  formamitle,  or  the 
amide  of  formic  acid,  {CU)H(NH2),  or  H(C0NH2)*  The  amides  com- 
pose a  most  numerous  series  of  nitrogen  compounds,  and  are  obtained 
in  many  ways  ;  ^^  they  are  met  with  in  phiuts  iind  animals,  and,  as 
has  already  been  shown,  by  parting  with  water  they  form  nitriles  or 
cyanogen  compounds,  so  that  they  serve  as  transitional  terras  between 
R(C02NH<)  and  KCN.  The  vaneties,  reactions,  and  properties  of  the 
amides  a-iid  nitriles  of  organic  acids,  and  therefore  also  of  cyanogen 
<K>mpounds,  are^  as  carbon  compounds^  examined  in  greater  detail  in 
organic  chemistr}',  and  here  we  will  only  dwell  on  the  simplev^t  of  them  ; 
and,  in  order  to  clearly  explain  the  derived  ammonia  compounds,  we 
■will  first  dwell  on  the  ammonium  salts  and  amides  of  carhonic  acids. 

As  car  borne  acid  is  bibasic^  its  ammijmum  salts  ought  to  have  the  fol- 
lowing composition  :  ncid ctirbomttf  of  ammonium^  H(NH4}C03,  and  the 
nornuil  carhmmtf!^  (N  114)2003  ;  they  repi-esent  compounds  of  one  or  two 
molecules  of  ammonia  with  carlK)nic  acid.  The  acid  salt  appears  in  the 
form  of  a  n  on -odoriferous  and  (when  tested  with  litmus)  neutral  sub* 
stance,  solubh^  at  the  oi-fJinary  temperature  in  six  parts  of  water,  in- 
soluble in  alcohol,  and  obtainable  in  a  crystalline  form  either  without 
water  of  crystallisation  or  with  various  proportions  of  it.  If  an 
jMjueous  solution  of  ammonia  be  saturated  with  carbonic  anhydride, 
fuld  then  evaporated  over  sulphuric  acid  in  the  bell  jar  of  an  air-puuip, 
crystals  of  this  salt  are  separated.  Solutions  of  all  other  ammonium 
carbonates,  when  evaponited  under  the  air-pumpi,  yield  crystals  of  this 
salt.  A  solution  of  this  salt,  e\en  at  the  ordinary  tempeiiiture,  giye& 
off  carbonic  anhydride,  as  do  all  the  acid  salts  of  carbonic  acid  (for 


^  TbtiB,  for  inst&ucef  oxantide^  or  the  atiiide  ol  oxulic  iu?id«  (CNH^O);^)  JR  obi&ixied  in 
the  form  f»f  an  inwiluble  prtKnpit>ate  on  ftdding^  n  ftolntioii  of  ammonia  t<>  an  ftkoholic 
aiolutioii  of  <?thyl  oxulate  (€OjC,»H.iilij,  which  in  formed  by  the  iM?tioa  of  oxalic  acid  on 
oieobol:  (CHOj)*-h2i,C.jHft)OH-*iHOH  +  (COX'jHi).f.  As  the  iUfweftt  d«rivative»  of 
lunmonift^  the  araidei*  with  alkAlift  yield  uminontu  und  form  the  salt  of  th«  acid.  Th« 
nitrilet  do  not,  however,  give  fiimikr  reMctiona  eo  re«di1y« 


396  PRINCIPLES  OF  CHEMISTRY 

instance,  NaHCOg),  and  at  SS"^  the  separation  of  carbonic  anhydride 
takes  place  with  great  rapidity.  For  this  reason  the  formation  of  the 
acid  salt  in  the  solution,  and  the  evaporation,  must  be  conducted  at  & 
low  temperature,  and  tuith  an  excess  of  carbonic  acid,  as  the  product  of 
dissociation  of  this  salt.  On  losing  carbonic  anhydride  and  water^ 
the  acid  salt  is  converted  into  the  normal  salt,  2(NH4)HC03= 
H20  +  C02  +  (NH4).2C03  ;  the  latter,  however,  decomposes  in  solution^ 
and  therefore  can  only  be  obtained  in  crystals,  (NH4).2C03,H2O,  at 
low  temperatures,  and  from  solutions  containing  an  excess  of  ammo- 
nia as  the  product  of  dissociation  of  this  salt  :  (NH4)2C03  =3 
NHg-f  (NH4)HC03.  But  the  normal  salt,^^  according  to  the  general 
type,  is  capable  of  decomposing  with  sejxiration  of  water,  and  forming 
ammonium  carbamate,  NH40(CONH2)=(NH4)2C03— HgO  ;  this  still 
further  complicates  the  history  of  the  carbonates  of  ammonium.  It  is. 
evident  that,  in  reality,  on  changing  the  quantity  of  water,  ammonia^ 
and  carbonic  acid,  various  intermediate  salts  will  be  formed  con- 
taining mixtures  or  combinations  of  those  mentioned  above,  or,  in 
other  words,  various  states  of  equilibrium  of  reactions  reverse  to  one 
another  will  be  produced.  Thus  the  ordinary  commercial  carbonate  of 
ammonia,  obtained  by  distillation  of  a  mixture  of  chalk  and  sulphate 
of  ammonia  (Chapter  VI.),  or  sal-ammoniac,  2NH4Cl  +  CaC03  = 
CaCl2  +  (NH4)2C03,  does  not  remain  as  a  normal  salt,  but,  through  loss, 
of  part  of  the  ammonia,  partly  contains  the  acid  salt,  and,  through  loss, 
of  water, contains  some  carbamate, and  most  frequently  presents  the  com- 
position NHiO(CONH.,)  +  20H(C0.,NH,)  =  4NH3 -f  3C0.,-f  2H2O. 
Indeed,  this  salt,  from  having  under  various  conditions  parted  with 
ammonia,  carbonic  anhydride,  and  water,  does  not  present  a  constjint 
composition,  and  ought  rather  to  be  regarded  as  a  mixture  of  acid  salt 
and  amide  salt.  The  latter  must  be  recognised  as  entering  into  the 
composition  of  the  ordinary  carbonate  of  ammonia,  because  it  contains 
less  water  than  is  required  for  the  normal  or  acid  salt  '^''  but  on  being 
dissolved  in  water  this  salt  gives  a  mixture  of  acid  and  normal  salts. 
Ammonium  carbamate  itself,  whose  composition  (and  formation)  is 
equal  to  2NH34-CO2,  when  dissolved  in  water,  does  not  entirely 
precipitate  a  calcium  salt,  for  instance  CaCl  ,  which  j^roduces  a  normal 
salt,  (NH4).,C()3  +  CaCl2  =  2NH ,Cl  +  CaCO,,  probably  because  a  calcium 
carbamate  is  produced  which  is  soluble  in  water. 

•"'  Tlie  iicid  salt  (NHjjHCO-j  on  losing  wiittrr  ouj^ht  to  form  tlie  cnrhoxyUc  ncid^ 
(NH.,,)H(X\,,  or,  iM'ttfT,  ()H(CNH.,,0),  us  we  wroto  it  heforo  ;  hut  it  is  not  fonnecl,  wliicli 
is  a(u*ount<'(l  for  by  tlu»  instability  of  the  acid  salt  itself.  Carbonic  anhydride  is  jjiveii 
off  and  ammonia  is  i>roduccd,  which  j^'ivos  a  carboxylie  ammonium  salt. 

«  In  the  normal  salt,  "iNH-  +  CO.,  f  11,0,  in  the  acid  salt,  XII-  -f  CO^  -f  11...0,  but  in  the 
commercial  salt  to  3COo  ouly  2H.^O. 
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This  ammonium  carbamate  is  one  of  di«  mtjst  remarkable  of  the 
aminDiiium  carbonates,  because  it  Ls  the  simplest  in  its  composition, 
and  is  etisily  jvncl  iminetliately  formed  by  mixjii;;;  two  volumes  of  t/ry 
ammonia  witli  one  volume  of  dry  carbouic  ardiydride^  2NH3  4-CO.j^ 
NH,0(CONH2)  ;  it  is  a  eobVl  substance,  smells  strongly  of  ammonia, 
attiucts  moisture  from  the  air,  and  entirely  decomposes  at  60°.  The 
fact  of  this  decomposition  n»ay  be  judged  ^''  by  the  density  of  its 
vapour,  which  =13  (H  =  l)  ;  tliis  exactly  corresponds  with  the  density 
of  a  mixture  of  2  volumes  of  ammonia  and  1  volume  of  carbonic 
anhydride.  It  is  easily  understood  that  such  a  combination  will  take 
place  with  atiy  ammonium  carbonat<3  under  the  action  of  salts  which 
take  up  the  water — for  instance,  sodium  oi*  potassium  carbonate. ^^  As 
ammonia  and  carbonic  anhydride  in  an  anhydrous  stute  only  form  one 
compound,  CO-j^NH^,-^*'  ammonium  carbamate,  as  has  lieen  already 
stated*  may  be  regarded  as  COX.*,  when-  X  has  imen  replaced  by  the 
residues  NHj  and  NH^O  (that  is,  HO  in  which  H  is  replaced  by 
NH,),  and  therefoi-e  is  still  capable  of  losing  water  and  forming  the 
symmetrical  ainide  CO(NH-^).j.  This  must  be  termetl  carbamide.  It 
is  identical  with  urea,  CN.^H40,  which,  contained  in  the  urine  (about 
'2  per  cent,  in  human  urine),  is  for  the  higher  animals  (especially  the 
cjirnivorous)  the  ordinary  product  of  eitcretion  ^^  of  the  nitrogenous 
substances  found  in  the  organism.  If  ammonium  carb^iuvate  be  heated 
to  140"*  (in  a  sealed  tube,  Bazarnff),  or  if  carbonyl  chloride*  COClj, 
he  treated  with  aiamonia  (Natanson),  ureti  will   be  obtained,    which 

^  Nftiitimiiii  flutemmied  the  following  denmties  of  the  vnpfiar  of  tunmonimu  carbuLOiate 
(in  millimetres  of  mercury): — 


lO'' 

0^ 

+  10° 

20" 

BO** 

4(>° 

60^ 

fiO^ 

6 

12 

HO 

11*2 

lU 

a48 

47a 

770 

HaratniATin  and  Ijiainbtrt  studieil  the  dentjitieft  corresponding  with  excess  of  NH^oirCOrt, 
and  foand,  ivs  (night  hi*ve  been  t*xp*^cted^  thiit  with  «uch  exeuHH  the  miia»  <if  the  mXi 
formed  (ia  a  solid  «tttte)  increaeen  aJid  the  deLompoaitiob  (triuisition  into  vapour) 
dacreftses* 

*^  Cttlctum  chloride  eiitera  into  druthlt"  ilecoiiipoKition  with  tuiunotjimn  curbiuiiJit«. 
Aci<l»  (for  infltanee  snlf^buricl  take  up  uiiuuoLiiti,  iind  eet  free  oiu*l>ouic  anhydride  ; 
idkiiUt}  (for  Infitance,  potiuih}  tidce  np  ciu'bi^tiic  a^iihydrido  imd  A«t  fr««  atiunoDia,  And 
ftberefore,  for  remoring  water  here  only  Kodium  nr  potoHHium  cHrbonate  may  be 
taken. 

'^  It  mnnt  be  imagined  that  the  reaction  takes  |)lac«  at  first  between  equal  Tolnmea 
^Chapter  VH.) ;  but  then  carbamic  acid,  HO{CNHoO),  h  iirodacedf  which,  ua  an  acid, 
immediately  combino«  with  the  ammonia,  forming  NHiO(CKH.jO). 

^  Urea  ia  undoubtedly  a  product  of  the  oxidatioa  of  complex  nitrof»i*tinUH  matters 
(albumin)  of  the  animal  body,  tt  in  found  in  the  bliKicL  It  im  abeorbed  from  the  blood  by 
the  ktdneyii.  A  man  excretes  about  80  graraw  of  urea  per  day.  As  a  derivativt:  of  c«t- 
bonic  anhydride,  iuto  which  it  is  readily  eonverted^  urea  is  in  a  sense  a  product  Ol 
oxidation. 
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shows  its  direct  connection  with  carbonic  acid — that  is,  the  presence  of 
carbonic  acid  and  ammonia  in  it.  From  this  it  will  be  understood  how 
urea  during  the  putrefaction  of  urine  is  converted  into  ammonium 
carbonate,  CN2H40  +  H20=C02  +  2NH3. 

Thus  urea,  both  by  its  origin  and  reactions,  is  an  amide  of  carbonic 
acid.  Representing  as  it  does  ammonia  (two  molecules)  in  which  the 
hydrogen  (two  atoms)  is  replaced  by  the  bivalent  radicle  of  carbonic  acid» 
urea  retains  the  property  of  ammonia  of  entering  into  combination, 
with  acids  (for  instance,  with  nitric  acid,  CN2H40,HNO,),  with  bases 
(for  instance,  with  mercury  oxide),  and  with  salts  (for  instance,  sodium 
chloride,  anmionium  chloride),  but  it  has  no  alkaline  properties.  It  is 
soluble  in  water  without  change,  but  at  a  red  heat  loses  ammonia  and 
forms  cyanic  acid,  CNHO,  and  its  polymeride,  cyanv/ric  acid,  C3N3H3O3. 
The  first  is  a  nitrile  of  carbonic  acid — that  is  to  say,  is  a  cyanogen 
compound.  This  conformity  is  evident  from  the  fact  that  the  ax^id 
ammonium  carbonate,  OH(CNH402),  on  parting  with  2H2O,  ought 
to  form  cyanic  acid,-  CNOH.  There  is  a  relation  of  direct  poly- 
merisation between  cyanuric  acid  (a  solid,  crystalline,  and  very  stable 
substance)  and  cyanic  acid  (a  liquid,  very  unstable  substance,  easily 
changeable  in  several  ways).  Both  have  the  same  composition,  and 
they  pass  one  into  another  at  different  temperatures.  If  crystals  of 
cyanuric  acid  be  heated  to  a  temperature,  t^,  then  the  vapour  tension, 
]},  in  millimetres  of  mercury  (Troost  and  Hautefeuille)  will  be  : 

t.  160^     170°,     200°,     250°,     300^     350°. 
p,    56,        68,      130,       220,       430,     1200. 

The  vapour  contains  cyanic  acid,  and,  if  it  be  rapidly  cooled,  it 
condenses  into  a  mobile  volatile  liquid  (specific  gravity  at  0°:=1*14). 
If  the  liquid  cyanic  acid  be  gradually  heated,  it  passes  into  a  new 
amorphous  polymeride  (cyamelide),  which,  on  being  heated,  like 
cyanuric  acid,  forms  vapours  of  cyanic  acid.  If  these  fumes  are  heated 
above  150°,  they  directly  pass  into  cyanuric  acid.  Thus,  at  a  tempera- 
ture of  350°,  the  pressure  does  not  rise  above  1200  mm.  on  the  addi- 
tion of  vapours  of  cyanic  acid,  because  the  whole  excess  is  transformed 
into  cyanuric  acid.  Therefore,  the  above-mentioned  figures  give  the 
tension  of  dissociation  of  cyanuric  acid,  or  the  greatest  pressure  which 
the  vapours  of  HOCN  are  able  to  attain  at  a  given  temperature,  whilst 
at  a  greater  pressure,  or  by  the  introduction  of  a  large  mass  of  matter 
into  the  given  volume,  the  whole  of  the  excess  is  converted  into 
cyanuric  acid.  The  properties  of  cyanic  acid  which  we  have  described 
were  principally  observed  by  Wohler,  and  clearly  show  the  /acuity  of 
polymerism  of  cyanogen  compounda.     This  is  observed  in  many  other 
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cyanogen  derivatives,  and  is  r^:arded  as  the  consequence  of  the  alx)ve- 
mentioned  explanation  of  their  nature.  All  cyanogen  compounds  are 
ammonium  salts,  R^CNH^O,),  deprived  of  water,  2H.jO  ;  therefore 
their  molecules  ought  to  show  the  fekculty  of  combining  with  two  mole- 
cules of  water  or  with  other  molecules  in  exchange  for  it  (for  instance, 
vdth  HjS,  or  HCl,  or  2H2,  dec),  and  are  therefore  capable  of  combining 
together.  The  combination  of  molecules  of  the  same  kind  to  form 
more  complex  ones  is  nothing  else  but  polymerisation.^^ 

Besides  being  a  substance  very  apt  to  form  polymerides,  cyanic  acid 
presents  many  other  features  of  interest,  expounded  in  greater  detail 
in  organic  chemistr}'.  First  of  all,  the  transition  of  ammonium  cyanate 
into  urea  ought  to  be  considered.  The  reason  is  that  the  salts  of 
cyanic  acid,  which  are  easily  split  up,  by  the  action  of  acids  and  even 
of  water,  into  ammonia  and  carbonic  anhydride,  are  produced  by  the 
oxidation  of  saline  metals,  as  we  shall  see  further  on.  Potassium 
cyanate,  KCNO,  for  instance,  is  most  often  obtained  in  this  way. 
Solutions  of  cyanates,  by  the  addition  of  sulphuric  acid,  yield 
cyanic  acid,  which,  however,  immediately  decomposes  :  CNHO  +  H5O 
=002  + NH3.  A  solution  of  ammonium  cyanate,  CN(NH4)0,  behaves 
in  the  same  manner,  but  only  in  the  cold.  On  being  heated  it 
completely  changes,  because  it  is  transformed  into  urea.  The  composi- 
tion of  both  substances  is  identical,  CN2H4O,  but  the  structure  or  dis- 
position and  the  connection  between  the  elements  is  different :  in  the 
ammonium  cyanate  one  atom  of  nitrogen  exists  in  the  form  of  cyanogen, 
CN — that  is,  united  with  carbon — and  the  other  as  ammonium,  NH^, 
but,  as  cyanic  acid  contains  the  hydroxy  1  radicle  of  carl)onic  acid, 
OH(CN),  the  ammonium  in  this  salt  is  united  with  oxygen  ;  whilst  in 
urea  both  the  nitrogen  atoms  are  symmetrically  and  uniformly  disposed 
as  regards  the  radicle  CO  of  carbonic  acid  :  C0(NH,)2.  For  this 
reason,  urea  is  much  more  stable  than  ammonium  cyanate,  and  there- 
fore the  latter,  on  being  slightly  heated  in  solution,  is  converted  into 

^  Just  as  the  aldehydeH  (for  instance,  C.^HjO,  page  145)  are  alcohols  (for  instance, 
CaH^O)  which  have  lost  hydrogen. 

The  aldehydes  are  also  capable  of  entering  into  combination  with  many  Rubstanct^s, 
and  of  poljTnerising,  forming  slightly- volatile  polymerides,  which  depolymerise  on  boating. 
Although  there  are  also  many  similar  phenomena  (for  instance,  the  transfonnation  of 
yellow  into  red  phosphorus,  the  transition  of  cinnamene  into  metacinnamene,  itc.)  of 
polymerisation,  in  no  other  case  are  they  so  clearly  and  simply  ex])ressi>d  as  in  cyanic 
acid.  The  details  relating  to  this  must  be  sought  for  in  treatises  on  organic^  and 
theoretical  chemistry.  If  we  touch  on  certain  sides  of  this  question  it  is  principally  with 
the  view  of  showing  the  phenomenon  of  polymerisation  by  typical  (*xamplcs  (this  ])heno- 
menon  being  met  with  more  frequently  than  was  formerly  imagined,  see  Silica),  and 
also  to  show  the  faculty  which  cyanogen  derivatives  have  of  forming  the  most  varied 
compounds. 
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urea.  This  remarkable  isomeric  transformation  was  discovered 
Wiihler  ill  1828.  It  had  an  important  historical  signification,  hec^ui 
at  that  time  such  an  easy  fom>ation  outside  the  organism  of  th" 
suhstances  which  are  met  with  in  it  was  quite  unexpected,  it  being  at 
that  time  supptised  that  the  vital  force  of  the  urganisni  produced  sub- 
stances which  could  not  be  formed  outside  it.  But  in  addition  to  the 
«,bolition  of  this  presupposition,  the  easy  transition  of  NH^OCN  into 
CO{NHn)a  is  the  best  example  of  the  transition  of  one  stat«  of 
atomic  equilibrium  into  another  more  stable  one.  Every  carboxyl 
acid,  RCOOH^  has  its  correapondmg  amide,  RCONHj,** 
nitrile,  as  is  the  case  with  carli^^mic  acid.  In  this  way,  farnjamide, 
HCONH^i  and  hi/ihocyanic  acid,  HCN,  as  a  nitrile,  correspond 
with  formic  acid,  HCOOH,  and  therefore  ammonium  formal 
HCOONH|»  and  formamide,  under  the  action  of  heat  and  substani 
whicJi  take  up  water  (f4iospht>ric  anhydride),  form  hydrocyanic  aci 
HCN,  whilst^  under  many  conditions  (for  instance,  on  combining  with 
hydrochloric  acid  in  prejsence  of  water),  this  hydrocyanic  acid  for) 
formic  acid  and  ammonia.  jVlthough  containing  hydi\>gen  in  tl 
presence  of  twt*  acid-forming  elements— namely,  carlwjn  and  nitrogen 
—hydrocyanic  acitl  does  not  give  an  acid  reaction  with  htmu.s  (cya: 
acid  has  very  marked  acid  properties),  but  Jbrm^  *a/^  MCIi^  ani 
therefore  presents  the  properties  of  a  feeble  acid,  and  foi-  this  reason  is 
called  an  acid.  The  small  amount  of  energy  which  it  has  is  shown 
by  the  fact  that  the  cyanides  of  the  alkali  metals^for  instance,  potas- 
sium cyanide (KHO  +  HCN =H^0  4  KCN)  in  solution— have  a  strongly 

•*  TliL"  majtjrity  of  the  amidot*  corresponding  witii  ocidfi,  bein^  represented  by  the  c 
position  RNH->,  very  easily  undergo  tlie  inveree  cdmnge ;  they  tombiue  witli  water,  evo 
wliHn  ^impl J  boiled  w ith  it,  and  atiil  more  bo  nnder  the  i^L'titin  uf  idkalin  and  acids.  Ajumou 
is  evolved  by  the  action  of  alkalii.  on  amideii,  naturally  in  virtni*  of  the  water  combimji 
with  tlie  amide,,  in  addition  to  which  thisro  in  formed  a  salt  of  the  acid,  which  hiMl  ftittrved  I 
form  the  amade  according  t*i  the  equation :  RNH.j  +  KHO  :^  RKO  +  NHj.  The  &«me  t 
iiLkeH  place  under  the  action  of  lu'idn,  only,  naturally,  an  auuuoniuni  salt  of  the  give 
«cid  ii*  fnrnied,  and  the  aLid,  previouHly  in  the  t'onditioii  nf  an  amide,  HeptirHt«i«  in 
free  sUte:  BNHn  +  HCl  +  IifO=  RHO  +  NH^Cl.  Thut*  the  amides,  in  the  majority 
vvtue^y  eaftily  pasa  bock  into  ammonium  f^allK  in  ihe  presence  of  wiLt«r,  alkalis,  and  acids  j 
but  tlipy  differ  in  a  marked  way  from  tLem.  None  of  the  tunmoniuni  Halts  are  di»tillabl« 
nor  volatilifie  witbont  change ;  in  mont  ca«eH  ammonia  walts^  oti  bcuig  heatefif  lose  wat4 
and  form  lunideti ;  many  ainiden  volatilise  without  chang*?,  And  &ometit»eti  aru  cry* 
volatile  HuhfttanceB  caHily  dintilled.  Such  are,  for  iiiKtance,  the  ainide»  of  acetic,  bengoia 
fomiic,  and  u  hirge  number  of  other  organic  acids.  Judging  froni  tJie  preceding  facti 
amides  may  be  regarded  an  acidn  RHO,  in  which  tJie  bydroxyl  HO  is  replaced  by 
ammonia  radicle  (amidogen)  NH^. 

*'^  If  amninnia  and  methane  (luaTBh  gas)  do  not  show  any  acid  proja^rties,  Uiat  ib  in  t 
probability  thu-  to  the  presence  of  a  large  amount  of  hydrogen  in  both;  but  iu  bydr 
cyanic  acid  one  atom  of  hydrt>gen  ir  under  the  infJuence  of  two  acid  forming  eltitncott 
Acetylenct  C^H^,  which  contains  but  little  hydrogen,  preHcnta  acid  properties  iu 
respects,  becatiiie  its  hydrogen  in  eaaily  ri.«placed  by  miitalri^ 


ie, 
nd 

ith 
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alkaline  reuctioii.*-*  If  ammonia  be  passed  over  eluircoal  at  a  reil  lieat, 
especially  in  the  pi-esence  of  an  alkali,  or  if  gaseous  nitrogen  be  pussed 
through  a  mixture  (if  ehnrcmil  and  an  alkali  (especially  pot'\sh»  KHO), 
and  also  if  a  mixture  of  nitrogenous  or^^anic  substances  and  alkali  be 
heated  to  a  red  heat,  in  all  these  cases  the  alkali  metal  combines  with  the 
carbon  and  nitrogen,  forming  a  metallic  cyanide,  MCN — ^for  example, 
KCN.  Potassium  cyanide  is  much  used  in  the  arts,  and  is  obtained, 
as  above  stated,  under  many  circumstances — as,  for  insUmce,  in  iron 
smelting,  espt^cially  with  the  assist^ince  of  wood  charcoal,  the  ash  of 
which  contains  much  potash.  The  nitrogen  of  the  air,  the  alkali  of  the 
ash,  and  the  cbarcnal  ai*e  brought  into  contact  at  a  high  temperature 
during  iron  smelting,  and  therefore,  under  these  conditions,  a  consitler- 
able  quantity  of  potJissium  cyanide  is  formed.  In  practice  it  is  not  usual 
to  prepare  potassium  cyanide  directly,  but  a  peculiar  compound  of  it 
containing  potassium,  iron^  and  cyanogen.  This  compound  is  potassium 
ferrocyanide,  and  is  also  known  as  i/elioif)  pruisiate  of  potash^  Ijeeause 
with  ferric  s^dts  it  forms  a  blue  colour --Prussian  blue.  This  saline 
substance,  having  the  compusition  K4FeC^N(,H-3H20,  is  prepared  on 
tlie  large  scale  in  cast*iron  pots  (the  iron  of  which  enters  into  tlie  salt), 
by  heating  w^ith  alkali  leather  cuttings,  horn  filings  and  shavings, 
and  siiuilar  animal  matter,  c«imposefl  of  cuinplex  organic  substances 
containing  carbon  and  nitrogen  ;  the  alkali  which  is  added  is  com- 
posed  of  pi>tfishes4  containing  potassium  ;  thus  all  the  necessary  ele- 
ments for  produeing  the  yellow  prussiate  ait?  brought  into  cont^vct  at  a 
high  temperature,  and  the  above-mentioned  substance  is  formed. 
The  name  of  cyanogen  (icmio?)  is  derived  from  the  property  which 
the  yellow  prussiate  possesses  of  forming,  with  a  solution  of  a  ferric 
salt,  FeX„  t!ie  familiar  |ngment  Prussian  blue.  The  yellow  prussiate 
is  geneiuUy  used  a^s  the  source  of  the  other  cyanogen  compounds 
(because  it  is  manufacture*!  on  a  large  scale),  and  we  will  therefore 
describe  the  method  of  forming  the  cyanogen  compounds  derived 
fmm  it. 

If  yellow  prussiate  be  mixed  with  two  parts  nf  water  and  three- 


*^  SolutionH  of  cjrnnide* — tot  itiBtniice,  of  those  of  poiaKHium  or  Imriam — are  decom- 
|M)<ietl  hy  carbonic  tuid.  Ev«?ii  Uie  eeirtwnic  iinhydridti  of  the  Air  nota  in  a  iijiniliu-  way, 
and  for  this  rea»oii  theae  BolulioiiH  do  iu»t  keep,  bec&UKe,  in  tlie  find  pluce,  frt*«j  Iiydro- 
cyutiie  iieid  ituelf  deoomposos  ajid  polymiTiResi,  and,  in  the  second  plAce,  with  alkaline 
licjuidH  )t  forma  iunnionia  and  forraic  acid.  Hydrocyanic  acid  dots  not  liberate  cttrlnnjic 
ifcnhytiride  from  Boltitinns  of  »(x3ium  or  iiotttKnioin  cjirbonaten*  Bat  a  mixture  of  solutions 
of  j»ota«^6iimi  carbonate  and  bjrdrocyanic  acid  yields  carbonic  anhydride  on  the  addition 
of  oxide*  Bimilar  to  zijit?  oxide^  mercuric  oxide^  &c,  Thifi  la  due  to  the  grtmt  inclination 
which  the  cyanides  evince  to  form  double  saltB.  For  iiifttancis,  ZiiKi(CX^<  in  formed, 
which  ie  a  kind  of  sioluble  double  aalt* 
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quarter  part  of  sulphuric  acid,  and  the  mixture  be  heated,  it  decom- 
poses, volatile  hydrocyanic  acid  separating.  This  was  obtained  for 
the  first  time  by  Scheele  in  1782,  but  it  was  only  known  to  him  in 
solution.  In  1809  Ittner  prepared  anhydrous  prussic  acid,  and  in 
1815  Gay-Lussac  finally  settled  its  properties  and  showed  that  it  con- 
tains only  hydrogen,  carbon,  and  nitrogen,  CNH.  If  the  distillate  be 
redistilled  (a  weak  solution  of  HON),  and  the  first  part  be  collected, 
the  anhydrous  acid  may  be  prepared  from  this  stronger  solution.  In 
order  to  do  this,  pieces  of  calcium  chloride  are  added  to  the  concentrated 
solution,  and  the  anhydrous  acid  floats  as  a  separate  layer,  because  it 
is  not  soluble  in  an  aqueous  solution  of  calcium  chloride.  If  this  layer 
be  then  distilled  over  a  new  portion  of  calcium  chloride  at  the  lowest 
temperature  possible,  the  prussic  acid  may  be  obtained  completely  free 
from  water.  It  is,  however,  necessary  to  use  the  greatest  caution  in 
work  oi  this  kind,  because  prussic  acid,  besides  being  extremely 
poisonous,  is  exceedingly  volatile.^^ 

Anhydrous  prussic  acid  is  a  very  mobile  and  volatile  liquid  ;  its 
specific  gravity  is  0*697  at  18°  ;  at  lower  temperatures,  especially  when 
mixed  with  a  small  quantity  of  water,  it  easily  congeals  ;  it  boils  at  26**, 
and  therefore  very  easily  evaporates,  and  at  ordinary  temperatures 
may  be  regarded  as  a  gas.  On  this  account  the  greatest  caution  is 
necessary  in  dealing  with  it,  as  an  insignificant  amount,  when  inhaled 
or  brought  into  conta^ct  with  the  skin,  causes  death.  It  is  soluble  in 
all  proportions  in  water,  alcohol,  and  ether ;  weak  aqueous  solutiojis 
are  used  in  medicine.'*'^ 


**  The  mixture  of  the  vapours  of  water  and  hydrocyanic  acid,  evolved  on  lieating  yellow 
prussiate  with  sulphuric  acid,  may  be  directly  passed  through  vessels  or  tubes  tilled  with 
calcium  chloride.  These  tubes  must  be  cooled,  because,  in  the  first  place,  hydrocyanic 
acid  easily  changes  on  being  heated,  and,  in  the  second  place,  the  calcium  chloride,  when 
warm,  would  absorb  less  water.  The  mixture  of  hydrocyanic  acid  and  atjueous  vapour 
on  passing  over  a  long  layer  of  calcium  chloride  gives  up  water,  and  hydrocyanic  acid 
alone  remains  in  the  vapour.  It  ought  to  be  cooled  as  carefully  as  possible  in  order 
to  bring  it  into  a  liquid  condition.  The  method  which  Gay-Lussac  employed  for  obtain- 
ing pure  hydrocyanic  acid  consisted  in  the  action  of  hydrochloric  acid  gas  on  mercuric 
cyanide.  The  latter  may  be  obtained  in  a  pure  state  if  a  solution  of  yellow  prussiate  be 
boiled  with  a  solution  of  mercuric  nitrate,  then  filtered  and  crystallised  by  cooling  ;  the 
mercuric  cyanide  is  then  obtained  in  the  form  of  colourless  crystals  HgtCN).^. 

If  a  strong  solution  of  hydrochloric  acid  be  poured  upon  these  crystals,  and  the  mix- 
ture of  vapours  evolved,  consisting  of  aqueous  vapour,  hydrochloric  ticid,  and  hydrocyanic 
acid,  be  passed  through  a  tube  containing,  first  marble  (for  absorbing  the  hydrochloric 
acid),  and  then  lumps  of  calcium  chloride,  on  cooling,  the  hydrocyanic  lU'id  will  be  con- 
densed. In  order  to  obtain  the  hydrocyanic  acid  in  an  anhydrous  form,  the  decomposition 
of  heated  mercury  cyanide  by  hydrogen  sulphide  may  be  made  use  of.  Here  the  sulphur 
and  cyanogen  change  places,  and  hydrocyanic  acid  and  mercury  sulphide  are  formed: 
Hg(CV).^-f-  H,.S-2HCX  +  HgS. 

*5  A  weak  (up  to  2  p.c.)  aqueous  solution  of  hydrocyanic  acid  is  obtained  by  the  dis- 
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The  salts  MCN — for  instance,  potassium,  sodium,  ammonium — as 
well  as  the  salts  M(CN)2 — for  instance,  barium,  calcium,  mercury — are 
soluble  in  water,  but  the  salts  of  manganese,  zinc,  lead,  and  many  others 
are  insoluble  in  water.  They  form  double  salts  with  potassium  cyanide 
and  similar  metallic  cyanides,  an  example  of  which  we  will  consider  in 
a  further  description  of  the  yellow  prussiate.  Not  only  are  some  of 
the  double  salts  remarkable  for  their  constancy  and  comparative 
stability,  but  so  also  are  the  soluble  salt  HgCjN,,  the  insoluble  silver 
cyanide  AgCN,  and  even  potassium  cyanide  in  the  absence  of  water. 
This  salt,^^  when  fused,  acts  as  a  reducing  agent  with  its  elements,  K 
and  C,  and  oxidises  when  fused  with  lead  oxide,  forming  potassium 
cyanate,  KOCN,  which  establishes  the  connection  between  HON  and 
OHCN — that  is,  between  the  nitriles  of  formic  and  carbonic  acids — 
which  connection  is  the  same  as  between  the  acids  themselves,  because 
formic  acid,  on  oxidation,  yields  carbonic  acid.  The  relation  which 
exists  between  hydrocyanic  acid,  metallic  cyanides,  and  the  salts  of 
cyanic  acid,  as  well  as  between  all  the  above-mentioned  compounds, 
may  be  expressed  by  granting  the  existence  of  a  radicle  in  them  con- 
taining carbon  and  nitrogen — cyanogen,  CN.  In  this  sense,  prussic 
acid  is  hydrocyanic  acid,  and  cyanic  acid  a  cyanogen  hydroxide,  in 
exactly  the  same  way  as  for  chlorine  we  have  hydrochloric  acid,  HCl, 
and  hypochlorous  acid,  ClOH.  Free  cyanogen  ought  to  be  represented 
as  prussic  acid  in  which  the  hydrogen  has  been  replaced  by  cyanogen, 
(CN)2   or   CNCN.     This   composition,  judging  from  what  has  been 

tillation  of  certain  vegetable  substances.  The  so-called  laurel  water  in  particular  enjoys 
considerable  notoriety  from  its  containing  hydrocyanic  acid.  It  is  obtained  by  the 
steeping  and  distillation  of  laurel  leaves.  A  similar  kind  of  water  is  formed  by  the 
infusion  and  distillation  of  bitter  almonds.  It  is  well  known  that  bitter  almonds  are 
poisonous,  and  have  a  peculiar  characteristic  taste.  This  bitter  taste  is  due  to  the 
presence  of  a  certain  substance  called  amygdalin,  which  can  be  extracted  by  alcohol. 
This  amygdalin  decomposes  in  an  infusion  of  bruised  almonds,  forming  the  so-called 
bitter  almond  oil,  glucose,  and  hydrocyanic  acid : 

2CeHi,0^. 
Glucose. 

If  after  this  the  infusion  of  bitter  almonds  be  distilled  with  water,  the  hydrocyanic  acid 
and  the  volatile  bitter  almond  oil  are  carried  over  with  the  aqueous  vai)our.  The  latter 
is  insoluble  in  water,  or  only  sparingly  soluble,  while  the  hydrocyanic  acid  remains  as  an 
aqueous  solution.  Bitter  almond  water  is  similar  to  laurel  water,  and  is  used,  like  the 
former,  in  medicine,  naturally  only  in  small  quantities,  because  a  considerable  amount 
has  poisonous  effects.  Perfectly  pure  anhydrous  hydrocyanic  acid  keeps  without  change, 
just  like  the  weak  solutions,  but  the  strong  solutions  only  keep  in  the  presence  of  other 
acids;  but  in  the  presence  of  many  admixtures  these  solutions  easily  give  a  brown 
l)olymeric  substance,  which  is  also  formed  from  a  solution  of  potassium  cyanide. 

*^  This  salt  will  be  described  under  potassium,  as  it  is  one  of  those  wliich  are  often 
used. 

D  D  2 


CioH.,7NO,i      +       H.p 

CyHeO        +        CNH        + 

Amygdalin  in            Water. 

Bitter               Hydrocyanic 

bitter  almonds. 

almond  oil.               acid. 
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already  statwl^  exactly  expresses  that  of  the  iiitrile  of  oitalic  acid,  and, 
as  a  matter  of  faet^  oxalate  of  amuionia  and  the  amide  correspiiidin*^ 
with  it  (oxaraide),  on  being  heated  with  pliosphuric  anhydride,  which 
takes  up  the  water,  yield  Ci/aruKj^n.  This  substance  is  also  pi*oduced 
by  simply  heating  some  of  the  metallic  cyanides.  Mercuric  cyanide 
is  particularly  adapted  for  this  puqiose,  bec*iuse  it  is  easily  obtained  in 
a  pure  state  and  is  very  stable  in  a  sepamt-e  form.  If  mercuric  cyanide 
be  heated,  it  decomposes,  in  like  manner  to  mercury  oxide,  into  metallic 
mercury  and  cyanogen  ;  HgC.jNi^Hg+CjN.j.^"  When  cyanogen  is 
formed,  part  of  it  always  polymerises  into  a  dark  brown  insoluble 
substance  calle<l  jmmcyarMfjen^  capable  of  forminj*^  cyanogen  when 
heated  to  redness.*^  Cyanogen  is  an  odorous,  colourless,  poisruions 
gas,  easily  condensed  by  cooling  into  a  colourless  liquid,  insoluble  in 
water  and  having  a  specific  gravity  of  0'86.  It  boils  at  almut  — 21*^, 
and  tbereft>re  cyanogen  may  lie  easily  condensed  into  a  liquid  by  a  \ 
strong  freezing  mixture.  At  -  35**  liquid  cyanogen  solid itie.s.  Tliis  gas 
is  soluble  in  wnter  and  in  alcohol  to  a  considerable  extent^ namely,  1 
volume  of  water  absorbs  as  much  as  4^^  volumes,  and  alcohol  23  voluiiiea,  , 
Cyanogen  resists  the  actitm  of  heat  without  decomposing,  but,  under  j 
the  action   of  the  electric  spark,  the  carbon  is  separatefl,  leaving   a*^ 


*^  For  the  preiuxnitioii  it  is  necessary  to  take  completely  dry  inereuric  cyanide,  liecAaa<§ 
when  heated  in  the  jirewuce  of  moUture  it  gives  caiunoniaf  carbonic  anhydride,  itnd 
hydrocyanic  acid.  Instfiwl  of  mercuric  cyanide,  a  mixture  of  perfectly  dry  yeUow  |)nii»- 
Bitite  and  mert  iirfc  ehlnridt  may  be  uaed,  then  double  decnmixiftition  and  the  forniMllon 
of  nitrcurit:  cyanide  take  place  in  the  retort.  Silver  cyanide  also  dis«ngage9  cyAtiogen 
on  beirij^  heated. 

<s  Paracyunogen  is  a  browrt  substance  having  the  comprmition  of  cyanogen,  formed 
during  the  preparation  of  cyanogen  by  all  riiethodH,  and  remaining  as  a  residue*  Silrer 
cyanide,  on  Iwinj^  slightly  heated,  tnsoH,  aiid  on  being  further  heated  evolves  a  gft« ;  m 
tlie  residup  ii  conHidt^nibici  rjuantity  of  prtracyanogeu  is  formed.  Here  it  i»  remarkiible 
that  exactly  IniK  tin*  t^vanogen  Iwcomefi  gaseous,  tind  the  ntlier  half  is  tnui^formcd  into 
poracyanogen.  Metallic  diver  will  be  found  in  the  re&idne  with  the  parftcyanogea ;  it  j 
may  be  extnict**d  with  inereiiry  or  nitric,  acid,  which  does  not  net  on  ptwracyonogen*  If 
poracyjuiogen  l>e  heated  in  a  vacuunit  it  decomptiftes,  fonninj;  cyanogen;  hut  here  the 
preBsnre  p  for  a  giveti  temperature  /  exceeds  the  deterntined  magnitude^  so  tljat  the 
phenomenon  prehienls^  all  the  extern iil  ai>f>earance  of  a  pbynical  transformation  into 
vapour;  but,  tievertheletia^  it  is  a  complete  change  in  the  nature  of  the  i^uhstance^  but 
limited  by  the  preaAnrti  iff  tUnAiM-iatioit,iMi  we  aaw  before  in  the  tran*iformati(ni  of  cyanurio 
acid  into  hydrocyanic,  and  a»  ouglit  to  l>e  expected  from  the  fundamental  principleo  of 
diHi^ociutlon.     Trtwst  and  Hautefeuille  (1808)  found  that  for  panwyanognju 

i  ^  nm^         Ml'  mm^'  fujs' 

p^     m  ir.i  2H6  108*»  mm. 

However,  already  at  55lP  part  of  tlie  cyanogen  decompofi©«  into  earbtjn  and  nitrofj^ri^ 
The  reverse  transition  of  cyanogen  into  paracyan ngen  eommeru^es  nl  !JGO^,  and  at  tWK)''  1 
proceedfi  rapidly.  And  if  the  transition  of  the  firtst  kind  la  likened  tj  evaporation,  then  ! 
the  reverse  transition,  or  polyineriftation,  presents  a  likene.'^B  to  the  transition  of  vapQur*  i 
into  the  >!iohd  i^tate. 
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volume  of  nitrogen  equal  to  the  volume  of  the  gas  taken.  As  it  con- 
tains carbon  it  bums,  and  the  colour  of  the  flame  is  reddish-violet» 
which  is  due  to  the  presence  of  nitrogen,  all  compounds  of  which  impart 
more  or  less  of  this  reddish -violet  hue  to  the  flame.  During  the  com- 
bustion of  cyanogen,  carbonic  anhydride  and  nitrogen  are  formed. 
This  also  takes  place  in  the  eudiometer  with  oxygen  and  during  the 
action  of  cyanogen  on  many  oxides  at  a  red  heat. 

The  relation  of  cyanogen  to  the  metallic  cyanides  is  seen  not  only 
from  the  fact  that  it  is  formed  from  mercuric  cyanide,  but  also  by  its 
forming  cyanide  of  sodium  or  potassium  on  being  heated  with  sodium 
or  potassium,  the  sodium  or  potassium  taking  fire  in  the  cyanogen.  On 
heating  a  mixture  of  hydrogen  and  cyanogen  to  500°  (Berthelot),^^ 
or  under  the  action  of  the  silent  discharge  (Boilleau),  hydrocyanic  acid 
is  formed,  so  that  the  reciprocity  of  the  transitions  does  not  leave  any 
doubt  in  the  matter  that  all  the  nitriles  of  the  organic  acids  contain 
cyanogen,  just  as  all  the  organic  acids  contain  carboxyl,  and  in  it  the 
elements  of  carbonic  anhydride.  Besi<les  the  amides,*®  the  nitriles  (or 
cyanogen  compounds,  RON),  and  nitro-compounds  (containing  the 
radicle  of  nitric  acid,  RNOj),  there  are  a  great  number  of  other  sub- 
stances containing,  at  the  same  time,  carbon  and  nitrogen,  particulars 
of  which  must  be  sought  for  in  special  works  on  organic  chemistry. 

*'"*  Cyanogen  (like  chlorine)  is  absorbed  by  a  solution  of  sodium  hydroxide,  sodiom 
cyanide  and  cyanate  being  produced :  CaN.^  +  2NaH0 = NaCN  +  CNNaO  +  K^O.  However, 
the  latter  salt  easily  decomposes,  just  as  also  part  of  the  cyanogen  liberated  by  heat  from 
its  compounds  is  subjected  to  a  more  complex  transformation. 

^  If,  in  general,  compounds  containing  the  radicle  NH^  are  called  amides,  some  of  the  • 
amines  ought  to  be  ranked  with  them;  that  is,  the  hydrocarbons,  CnH^mi  in  which  the 
hydrogen  is  replaced  by  NH.^ ;  for  instance,  methylamine,  CHj'NH^,  aniUne,  C^Hs^NHj, 
&c.  In  general  the  amines  represent  ammonia  in  which  part  or  all  of  the  hydrogen  is 
replaced  by  hydrocarbon  raditles — such  as,  for  instance,  trimethylamine  N (0113)3.  They; 
like  ammonia,  combine  with  acids  and  form  crj'stalline  salts.  Related  substances  are 
sometimes  met  with  in  nature,  and  bear  the  general  name  of  alkaloids;  such  are,  for 
instance,  quinine  in  cinchona  bark  nicotine  in  tobacco,  &c. 
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CHAPTER  X 

SODIUM   CHLORIDE — BERTHOLLET'S   LAWS— HYDROCHLORIC   ACID 

Ix  the  preceding  chapters  we  have  become  acquainted  with  the  most 
important  properties  of  the  four  elements,  hydrogen,  oxygen,  nitrogen, 
and  carbon.  They  are  sometimes  termed  the  organogens^  because  they 
enter  into  the  composition  of  organic  substances.  Their  mutual  com- 
binations may  serve  as  types  for  all  other  chemical  compounds — that  is, 
they  present  the  same  atomic  relations  (types,  forms,  or  grades  of 
combinations)  as  those  in  which  the  other  elements  also  combine 
together. 

Hydrogen,  HH,  or,  in  general,  HR. 

Water,         H2O,        „         „        H2R. 

Ammonia,  H3N,        „         „        H;,R. 

Marsh  gas,  H4C,        „         „        H,R. 

One,  two,  three,  and  four  atoms  of  hydrogen  enter  into  these 
molecules  for  one  atom  of  another  element.  Xo  compounds  of  one 
atom  of  oxygen  with  three  or  four  atoms  of  hydrogen  are  known ;  hence 
the  atom  of  oxygen  is  without  certain  properties  which  are  found  in 
the  atoms  of  carbon  and  nitrogen. 

The  faculty  of  an  element  to  form  a  compound  of  definite  composi- 
tion with  hydrogen  (or  an  element  analogous  to  it)  gives  the  possibility 
of  foretelling  the  composition  of  many  other  of  its  compounds.  Thus, 
if  we  know  that  an  element,  M,  combines  with  hydrogen,  forming  HM, 
and  not  forming  H2M,  H3M,  HnM„,  then  we  must  conclude,  on  the 
basis  of  the  law  of  substitution,  that  this  element  will  give  compounds 
M2O,  MgN,  MHO,  MH3C,  tkc.  Chlorine  is  an  example  of  this  kind. 
If  we  know  that  another  element,  R,  like  oxygen,  gives  with  hydrogen 
a  molecule,  HjR,  then  we  may  expect  that  it  will  form  compounds  like 
hydrogen  peroxide,  or  the  metallic  oxides,  or  carbonic  anhydnde,  or 
carbonic  oxide,  and  others.  Sulphur  is  an  instance  of  this  kind. 
Hence  the  elements  may  be  classified  according  to  their  resemblance 
to  hydrogen,  oxygen,  nitrogen,  and  carbon,  and  in  confoimity  with 
this  analogy  it  is  possible  to  foretell,  if  not  the  properties  (for  example, 
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the  acidity  or  basicity),  at  all  events,  tlie  composition'  of  their  com 
pounds.     This  forma  the  substance  of  thf.  conreption  of  the  valetiey  or 

'  But  it  IB  imposKible  to  foretell  all  the  compouiids  formed  by  aji  element  from  its 
stomicity  or  valenoy,  liecAus«  the  atomicity  of  the  element!!  is  vttrinble,  lUid  furthermort' 
Uiis  vuriability  is  uot  identical  for  differtiut  elemenifi*  lii  CO.^.,  COX.^^,  CH^^  Aiid  the 
muUitnde  uf  ciirb*m  com  pounds  correHpouding  with  thein,  the  C  in  quiLdrivivlent,  but  iu 
CO  either  the  cuLrljoti  muKt  be  taken  as  bivalent  or  the  atomicity  of  oiy«en  be  accouAted 
asv&riiLble,  And  carlHUi,  nevertheleHH,  in  an  example  of  an  element  which  preserves  its 
Artcxmirity  to  a  ^edter  degree  than  most  of  the  other  element*.  Nitrogen  in  NH3,  XH  j(OH  )* 
NaOs,  and  even  in  CNH,  must  be  considered  aB  trivalentt  hot  in  NH|CI,  NO.(OH),  And 
in  all  their  corresponding  cnro[^K>unds  it  ts  necefti*fl.rily  pentavtUent.  In  N^jO^  if  the 
atomicity  of  oxgen  =  *1,  nitrogen  1ms  an  uneven  attimir-ity  (1,  B,  5),  whiltit  in  NO  it  ia 
bivalent.  If  Hulphur  be  biralent,  like  oxygen,  in  many  of  it«  compoundn  (for  example, 
HaS,  8C1.J,  KNS,  Arc),  then  it  eon  Id  not  be  foreneen  from  thin  that  it  would  form  SO^, 
8O5,  SCl^,  SOCLj,  and  a  Rerie*  of  similar  compoundH  in  which  its  ftt*>»iieity  rau»t  be 
acknowl€*dged  a»  greater  than  *2.  ThuA  in  SO^,  sulphnrouiii  anhydride,  there  are  a  multi- 
tude nf  points  in  fomiuon  with  COj,  and  if  carbon  be  quadrivalent  then  the  S  in  SO*,  {» 
quadtiviOent.  Therefore  the  principle  of  the  atomicity  iV4\lency)  of  the  elements  ciuinot 
beestublieihed  ass  the  baiiig  for  the  study  of  the  elements^  although  it  gives  an  easy  iw»^\- 
bility  for  grasping  many  amdugies.  Although  a  definite  atomicity  cannot  be  cotmitlere<l 
as  a  radical  profterty  of  atomic  attd  elemeutH,  it  niay^  however,  be  made  u^e  of  with  great 
advantage  in  inveHtigating  the  comp<mndiinf  t^uch  elementn  as  carbon^  because  carlntn  in 
all  its  uBual  couipnund:^,  and  eM|)ecLally  in  the  saturated  eompmndti  and  thoM?  approach- 
ing them,  acta,  n»  a  quadrivalent  element.  I  consider  the  four  foUowing  a*  the  chief 
obiitaclefi  to  acknowledging  the  atomicity  of  tlie  elements  a»a  primary  couceptiou  for  the 
considerfttion  of  the  properties  of  the  elementa :  1,  Such  univalent  elements  an  H,  Cl^ 
Arc,  aiirpetir  Lri  a  frtn^i  ^iat<^  as  molecules  H,j,  CL^,  &c.,  and  are  consequently  like  the  om*- 
valent  radicles  CHjt  OH,  COjH,  ifcc,  which,  &&  might  be  expected,  ap[tear  *»  C:.iH<t, 
O^H^,  C^OiHj  (ethane,  hydrogen  peroxide,  oxalic  acid),  whiUt  on  the  other  hand,  potas- 
sium and  sodium  (perhaps  ako  iodine  at  a  high  temperature!  contain  only  one  utom, 
K,  Na,  iu  the  mijlecule  iu  a  free  ntate.  Hence  it  foUowK  that  free  affinitie.t  may  exi»i. 
And  then  nothing  obligeH  ti«  not  to  admit  free  affinities  in  all  unsaturated  coMi|iounds;  for 
example^  it  may  be  said  that  in  CjH|  each  atom  of  carlion  is  bound  to  the  other  by  onu 
uMnity,  two  other  affinities  holding  the  hydrogen,  and  that  the  fourth  affinity  of  each 
ciLfhon  atom  is  free.  If  euch  inc^tance^  of  free  affinitiet^  l>e  a^hiiitted,  then  atl  the  [xmsiblv 
advantages  to  be  gained  by  the  application  of  the  doctrine  of  atomicity  (valency)  art} 
lost.  12.  There  are  instanceis — for  examplot  Na^H — where  univalent  elements  are 
gathered  together  in  molecules  which  are  more  complex  than  R.,  and  form  molecnlea* 
Rj,  R4,  Arc. ;  which  may  again  be  cither  talceu  as  evidence  of  the  exiMtenoe  of  free  afiini- 
tieH,  or  else  neccHHitates  anch  [>rimary  miivident  elementi^  an  Bodiuui  and  hydrogen  1>eiug 
considered  aH  variable  in  their  atomicity,  3.  The  perio<lic  §ystcm  of  the  elements,  with 
which  we  shall  afterwards  become  acquainted,  ehowfi  tliat  there  is  a  law  or  rule  for  the 
variation  of  the  forms  of  oxygen  and  hydrogen  compounds ;  chlorine  i*.  univalent  witli 
respect  to  hydrogen,  and  septavalent  with  respect  to  oxygen';  gulphur  b  bivalent  to 
hydrogen,  and  sexavalent  to  oxygen;  phonphorus  Is  trivalent  to  hydrogen  and  penta- 
volent  in  respect  to  oxygen — the  sum  is  in  every  case  equal  to  8.  Only  carlton  iwd  its 
analogrteA  (for  example,  silicon)  are  quadrivalent  to  botli  hydrogen  and  oxygen.  Hence  the 
property  of  the  elements  to  change  their  atomicity  liesiin  the  essence  of  their  nature^and 
consequently  atomicity  cannot  be  considered  as  a  fundamental  property.  -I.  CrysUllo- 
hydrates  (for  instance.  NaCl,ilH.O,  orNaBr,2H.jO),  doable  saltaffor  instance,  PtCli,aKCl, 
H^SiFft,  Arc),  iuid  fiimilar  complex  compounds  (iind,  according  to  Chap.  I.,  solutions  aloa) 
demonstrate  the  capacity  not  only  of  tlie  elements  themselves,  hut  also  of  tlieir  i^tarated 
and  limiting  compounds,  of  entering  into  further  combination^  Therefore  the  admission 
of  a  defittite  limited  atomicity  of  the  elements  Includes  in  itself  an  admision  of  liiolti^ 
tion  which  is  not  in  accordance  with  the  nature  of  chemical  reactions. 
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atorhicity  of  the  eletnents.  Hydrogen  is  taken  as  the  representative 
of  the  univalent  elements,  giving  compoumls,  RH^  ]l(OH),  Rfi^  RCl, 
R3X,  R4C,  ttc.  Oxygen,  in  that  form  in  whicli  it  gives  water,  is  the 
representative  i_»f  the  bivalent  elements,  forming  RHj,  RO,  RCl^, 
RHCl,  R(DH)C1,  R(OH)j,  RjC,  RCN,  «kc.  Nitrogen  in  ammonia  is 
the  representativo  of  the  irivaleut  elements,  giving  comi>oiinds  RH^, 
R^ba,  R(0H)3,  RCI3,  RN;  RHC,  kc.  In  oarlx^n  is  expressecl  the 
pi'opertiey  of  the  quadrivalent  elements,  RH^,  RO,j^  RO(OH)2,  R(OH)4^ 
RUN,  RCI4,  RHCI3,  (ire.  We  meet  with  the^Sie  /ortti^  of  conihiruUion 
or  aspects  of  union  of  atoms  in  all  tithe r  elements,  some  being  analogous 
t*>  hythrogen,  others  to  oxygen,  and  others  to  nitrogen  or  to  carlx>it. 
But  besides  these  quantitative  analogies  or  reseml>lances,  which 
ai^  foretold  by  the  law  of  substitution  (Chapter  VI.),  there  eiust 
amoug  the  elements  qualitative  analogies  and  relations  wliich  ar-e  not 
exhausted  in  the  compounds  of  the  elements  wliich  have  been  con- 
sidered, but  are  inost  distinctly  expressed  in  the  formation  of  bases, 
acids,  and  salts  of  different  types  and  properties.  Therefore,  for  a 
complete  study  of  the  nature  of  the  elements  and  their  compouncla  it 
ia  especially  important  to  become  acquainted  with  the  salts  as  sub- 
stances of  a  peculiar  character,  corresponding  with  acids  and  bases« 
Common  table  bitlt,  or  sodium  chloride,  NaCI,  may  in  eveiy  i*es|iect  Xjq 
t/iken  as  a  type  of  salts  in  general,  and  therefore  we  will  jmss  to  th© 
consideration  of  this  substance,  of  hydrochloric  acid,  aiid  of  ih^  ba8e 
sodium  hydroxide,  of  the  non-metal  chlorine,  and  the  metal  sodium, 
which  correspond  with  it. 

Sodium  chloridt',  NaCl,  or  the  familiar  tiible  salt,  occurs  in  the 
primary  formations  of  the  earth's  crust,-  from  which  it  is  washe<i  away 
by  the  atmospheric  utters,  mid  is  held  in  small  quantities  in  all  watei*s 
Howing  through  these  formations,  and  is  in  this  manner  collected  in 
the  oceans  and  seas.  The  immense  mass  of  salt  in  the  oceans  has  been 
accumulated  by  this  process  from  the  remote  ages  of  the  earth*s  crea- 


'  The  pninury  formationfii  ftr«  tbosti  whitrh  do  ntit  bcur  luiy  dtsiiuct  traces  of  liaviti^ 
been  dt*t>rj«ited  from  water  (have  not  ft  8trfltifi«Kl  formation,  contAin  no  remjUnft  td 
animiil  or  vegt-tjilile  lifeK  occur  luiiier  the  K<idimt'nt&ry  formAtious  of  the  enrthj  and  an) 
everywhere  unifpnu  hi  tvniijKJsitinn  tuul  ntructure,  which  is  gcncmlly  diiitinctly  cryfltnJ^ 
line*  If  tho  ftdgin  of  t!)«*  eiirtii  were  ^l  a  tiioltcii  imtiirCf  thi!  flrKt  primary  formuttoiia 
are  iUoee  which  formed  the  firtut  Hulid  crtiHt  of  the  earth.  Bui  even  with  thiH  hypotlieuM 
of  the  earib'tf  ori^iii^  it  ik  tiecesHary  to  adiiiit  ihiit  the  firt^t  aqueous  de[>0Hit6  muiit  b*T«) 
re-fonoeil  the  crust  of  the  earth,  and  theref*:jre  under  the  head  of  the  prhiia-ry  (ormations 
must  be  understood  thit  most  aiK-ient  of  tlie  prtxiuctu  of  decompoisition  fmontly  byalmo^ 
apheric^  a(]i;icni]^,  and  orgtinic  iigency,  itc.)^  from  which  all  the  rocks  and  6ubfttaticeft  of 
the  earth'H  Hurfiice  have  »i'iHen«  In  Bpeakinn?  of  the  origin  of  one  or  Another  »ubgt«liee, 
we  can  only,  on  the  basis  of  factft,  descend  to  the  primary  fornmtion,  of  which  ifraiiite. 
gnaisa,  and  trachyte  may  be  tnken  as  exajnples. 
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tion,  because  the  water  has  evaporated  from  them  while  the  salt  has 
remained  in  solution.  The  salt  of  sea  water  serves  as  the  source  not 
only  for  its  direct  extraction,  but  also  for  the  formation  of  other  masses 
of  workable  salt,  such  as  rock  salt  and  of  saline  springs  and  lakes. 

The  extraction  of  salt  from  sea  xcater  is  carried  on  in  several  ways. 
In  southern  climes,  especially  on  the  shores  of  the  Atlantic  Ocean,  the 
Mediterranean  and  Black  Seas,  the  summer  heats  are  taken  advantage 
of.  A  convenient,  low-lpng  sea  shore  is  chosen,  and  a  whole  series  of 
basins,  communicating  with  each  other,  are  constructe<l  along  it.  The 
upper  of  these  basins  are  filled  with  sea  water  by  pumping,  or  else 
advantage  is  taken  of  high  tides.  These  basins  are  sometimes  separated 
from  the  sea  by  natural  sand-banks  (limans)  or  by  artificial  means,  and 
in  April  the  water  already  begins  to  evaporate  considerably.  As  the 
solution  becomes  more  concentrated,  it  is  run  into  the  succeeding  ImNins, 
and  the  upper  ones  are  supplied  with  a  fresh  quantity  of  sea  water,  or 
else  an  arrangement  is  made  enabling  the  salt  water  to  flow  by  degrees 
through  the  series  of  basins.  It  is  evident  that  the  bed  of  the  iMisins 
should  be,  as  far  as  possible,  impervious  to  water,  and  for  this  pur|)ose 
they  are  made  of  beaten  clay.  The  crystals  of  table  salt  begin  to 
separate  out  when  the  concentration  attains  28  p.c.  of  salt  (which  cor- 
responds to  '28°  of  Baum^'s  hydrometer).  It  is  raked  off,  and  employed 
for  all  those  purposes  to  which  table  salt  is  applicable.  In  the  majority 
of  cases  only  the  first  half  of  the  sodium  chloride  which  can  be  separated 
from  the  sea  water  is  extracted,  because  the  second  half  has  a  bitter 
taste,  from  the  presence  of  magnesium  salts  which  sepiirate  out  together 
with  the  table  salt.  But  in  certain  localities— as,  for  instance,  in  the 
estuary  of  the  Rhone,  on  the  island  of  Camarga  * — the  evaporation  is 
carried  on  to  the  very  end,  in  order  to  obtain  those  iiiagneHium  and 
potassium  salts  which  separate  out  at  the  end  of  the  evaporation  of  sea 
water.  Various  salts  are  separated  from  sea  water  in  its  evai>onition. 
In  the  water  of  oceans  (Chapter  I.)  there  is  held  s^)  large  an  amount  of 
sodium  chloride  that  on  evaporation  this  salt,  notwithstanding  its  grctat 
solubility  in  water,  soon  reaches  saturation  and  separates  out.  From 
100  parts  of  sea  water  there  separates  out,  by  natural  and  artificial 
evaporation,  alxjut  one  part  of  tolerably  pure  table  salt  at  th<?  very 
commencement  of  the  operation  ;  the  total  amount  held  in  solution 


'  Tlie  extraction  of  the  iXitaKNiam  saltH  (or  Hr>-called  Huiriiiier  hhIIh)  wah  <:ttrri«fl  on 
at  the  Isle  of  Camar^^a  aUiUt  1^70,  wh«fn  I  \\aA  ftcctkhittn  Ut  vihit  that  hjM/t.  If  I  luintAlw 
not,  thi-»  industrj-  '\^  n^.w  no  longer  carrie*]  on,  becaaHe  tlie  dejx/tiitH  of  Stimtifurt  provide 
a  mach  cheai>er  ^alt.  owing  Ut  the  evaiK^ration  and  reparation  of  the  nalt  U;ing  there 
c&rriei]  on  hv  natural  njean^  and  onlr  reqairing  a  treatment  and  refining,  wliich  !*•  alio 
neoe^sar^-  in  addition  for  the  *  Hummer  nalt '  obtained  from  »ea  wat«r. 
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being  about  2^  p.c.  The  remaining  portion  of  the  table  salt  sepa- 
rates out,  intermixed  with  the  bitter  salts  of  magnesium  which  form 
the  chief  admixture  with  table  salt  in  sea  water.  These  salts  of 
magnesium,  owing  to  their  degree  of  solubility  and  the  small  amount  in 
which  they  are  present  (less  than  1  p.c),  only  separate  out,  in  the  first 
crystallisations,  in  traces  with  the  table  salt ;  whilst,  in  the  succeeding 
crystallisations,  they  are  deposited  together  with  the  table  salt.  Gypsum, 
or.  calcium  sulphate,  CaS042H20,  owing  to  its  sparing  solubility, 
separates  together  with  or  even  before  the  table  salt.  When  about 
half  of  the  table  salt  has  separated,  then,  on  further  evaporation,  the 
sea  water  gives  a  mixture  of  table  salt  and  magnesium  sulphate,  and, 
on  still  further  evaporation,  the  chlorides  of  potassium  and  magnesium 
begin  to  separate  in  a  state  of  combination,  forming  the  double  salt 
KMgCl3,6H20,  which  occurs  in  nature  as  carnallite.  This  is  a 
crystallo-hydrated  compound  of  KCl  and  MgCl2.^  After  the  separa- 
tion of  this  salt  from  sea  water,  there  remains  a  mother  liquor,  con- 
taining a  large  amount  of  magnesium  chloride  in  admixture  with 
various  other  salts."*  The  extraction  of  sea  salt  is  usually  carried  on 
for  the  purpose  of  procuring  table  salt,  and  therefore  directly  it  begins 
to  separate  mixed  with  a  considerable  proportion  ^  of  magnesium  salts 
(when  it  acquires  a  bitter  taste)  the  remaining  liquor  is  run  back  into 
the  sea. 

The  same  process  which  is  employed  for  artificially  obtaining  salt 
in  a  crystalline  form  from  sea  water  has  been  repeatedly  accomplished 
during  the  geological  evolution  of  the  earth  on  a  gigantic  scale  ;  up- 
heavals of  the  earth  have  cut  off  portions  of  the  sea  from  the  remainder 
(as  the  Dead  Sea  was  formerly  a  part  of  the  Mediterranean,  and  the  Sea 

*  The  double  stilt,  KCl,MgCl...,  is  only  formed  from  solutions  containing  an  excess 
of  magnesiimi  chloride,  because  water  decomposes  this  double  salt,  extracting  the  more 
soluble  magnesium  chloride  from  it. 

*  Owing  to  the  fundamental  property  of  salts  of  interchanj^ing  their  metals,  it 
cannot  be  said  that  sea  water  ccmtains  this  or  that  salt,  but  only  that  it  contains  certain 
amounts  of  certain  metals  M  (univalent  like  Na  and  K,  and  bivalent  like  Mg  and  Ca),  and 
haloids  X  (univalent  like  CI,  Br,  and  bivalent  like  SO4,  CO-),  which  are  disposed  in 
every  possible  kind  of  grouping ;  for  instance,  K  as  KCl,  KBr,  K^SOj,  Mg  as  MgCl.., 
MgBr2,  MgS04,  and  so  on  for  all  the  other  metals.  In  evaporation  different  salts  septurate 
out  consecutively  only  because  they  reach  saturation.  A  proof  of  this  may  be  seen  in 
the  fact  that  a  solution  of  a  mixture  of  sodium  chloride  and  magnesium  sulphate  (belli 
of  which  salts  are  obtained  from  sea  water,  as  was  mentioned  above),  when  evaporated, 
sei>arates  out  crystals  of  these  salts,  but  when  refrigerated  (if  the  solution  be  sufficiently 
saturated)  the  salt  NtwSO^flOH.jO  is  first  dejvosited  because  it  is  the  first  to  arrive  at 
saturation  at  low  temperatures.  Consequently,  this  solution  contains  MgCl.i  and  Na^SO^, 
besides  MgS04  and  NaCl.     So  it  is  with  sea  water. 

*  The  salt  extracted  from  water  is  piled  up  in  heaps  and  loft  under  the  action  of 
rain  water,  which  purifies  the  salt,  owing  to  its  becoming  saturated  with  table-salt  and 
then  no  longer  dissolving  it,  but  washing  out  the  impurities. 
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of  Aral  of  th^  Cuspiiiti),  antl  their  water  ht\s  evaporated  anrl  fQrme<l 
(if  the  mass  of  tiie  inflowing  fresh  water  were  leas  than  that  of  the 
masa  evaporatetl)  deposits  of  rock  sedL  It  is  always  accompanied 
by  gypsuiD^  because  the  latter  is  separated  from  sea  water  before  the 
sodium  chloride.  For  this  reason  rock  salt  may  always  be  looked  for 
in  those  localities  where  there  are  deposits  of  gypsum.  But  inasmuch 
as  the  g;j*psuni  may  remain  on  the  spot  where  it  has  been  deposited  (as 
it  is  a  sparingly  soluble  salt),  whilst  the  i-uek  salt  (as  one  wdiich  is  very 
soluble)  may  be  waslied  awfiy  by  rain  or  fresh  running  water,  it  may 
sometimes  happen  that  although  gypsum  is  found  still  thei'e  may  l>e 
no  salt ;  but,  on  the  other  hand,  where  there  is  rock  salt  there  will 
aliirays  be  gypsum.  As  the  geological  changes  of  the  earth's  surface 
are  still  proceeding  to  the  present  day,  so  in  the  midst  of  the  dry  land 
salt  lakes  are  met  with,  wlueh  are  sometimes  scattered  over  vast  dis- 
tricts formerly  covered  by  seas  now  dried  op.  Such  is  the  origin  of 
many  of  the  salt  lakes  about  the  lower  portions  of  the  Volga  and  in  the 
Kirghiz  steppes,  where  at  a  geological  epoch  preceding  the  present  the 
Aralo- Caspian  Sea  extended.  Such  are  the  Bask  unchak sky  (in  the 
Government  of  Astrakhan,  112  &i|uare  kilometres  su[x»iiicittl  area),  the 
Eltousky  (140  Aersts  from  the  left  bank  of  the  Volga,  and  200  square 
kilometi'es  in  superfieial  area),  and  upwards  of  700  other  salt  ]ake>s 
lying  about  the  lower  portions  of  the  Volga,  In  those  in  which  the 
in^ow  of  fresh  water  is  less  than  that  yearly  evaporated,  and  in  which 
the  concentration  of  the  solution  has  reached  saturation,  the  seij'- 
deposited  salt  is  found  already  deposited  on  their  beds,  or  is  being  yearly 
deposited  during  the  .summer  mttnths.  Certain  limans^  or  sea-side  lakes^ 
of  the  Azotf  Sea  are  essentially  of  the  siime  character — ^as^  for  instance, 
those  in  the  ueighbourhood  of  Henichesk  and  Berdiansk.  The  saline 
soils  of  certain  Central  Asian  steppes,  which  .sufler  from  a  w^ant  uf 
atmospheric  fresh  ivater,  are  of  the  same  origin*  Their  salt  originally 
proceeded  from  the  salt  of  seas  which  previously  covered  these  localities, 
and  has  not  yet  been  washed  away  by  fresh  water.  The  main  result  of 
the  aliove  described  process  of  natui'e  is  the  formation  of  masses  of  rock 
salt,  which  are,  however,  being  gradually  washed  away  by  the  subsoil 
waters  flowing  in  their  neighbourhood,  and  afterwarrls  rising  to  the 
surface  in  certain  places  as  saHni*  gprinif^j  which  indicate  tlie  presence 
•of  nuusses  of  deposited  rock  salt  in  the  depths  of  the  earth.  If  the  sub- 
soil water  flows  along  a  strata  of  salt  for  a  sufficient  length  of  time  it 
becomes  saturated  ;  but  in  flowing  in  its  further  course  along  an  im- 
pervious strata  (clay)  it  becomes  diluteil  by  the  fresh  water  leaking 
through  the  upper  soil,  and  therefore  the  greater  the  distance  of  source 
of  a  saline  spring  fi'oni  the  deposit  of  rock  salt,  the  poorer  will  it  be  in 


412 


rinxt'iPi.Es  or  cnRMisTRV 


salt.     A  perfectly-satumted  brine,  however,  may  be  procured  from  the'J 
depths  of  tbe  earth  by  means  of  bore  holes.     The  deposits  of  rock  salt.1 
themnelves,  whiclt    are  sometimes  hidden  at  gi-^at  depths   l>elow  the 
earth's  strata,  may  be  an-ived  at  by  the  guidance  of  boreholes  and  the^^ 
arrangement  of  the  strata  of  the  district.     Deposits  of  rock  salt,  about 
35  metres  thick  and  20  metres  below  the  surface,  were  discovered  in  this 
manner  in  the  neighbourliood  of  Briaiistcheffky  and  DekonoMTkj,  inl 
the  Bakhmut   district  of   the  Government  of   Ekaterinoslav. 
quantities  of  most  excellent  rock  salt  are  now  (since  1880)  won  fromi 
these  deposits,  whose  presence  was  indicated  by  the  neighViouring  salt 
spriiigs  (near  Slaviansk  and  Bakhmut),  and  bore-lioles  which  had  been 
sunk  at  these  l«.icaHties  for  procuring  stnmg  (saturated)  brines.     But 
tlie  Stassfurt  deposits  of  rock  salt,  near  JIagdeliurg  in  Germany,  ar 
distinguished  as  being  the  tirst  discovered  in  this  manner,  and  for  their- 1 
many  remarkal:>le  peculiarities.^    The  considerable  distribution  of  saline 
springs  in  this  and  the  neigiibouring  districts  suggested  the  presencol 
of  deposits  of  rf>ck  salt  in  the  near  T^icinity*      Deep  bore  holes  sunk 
in  tliis  locality  in  fact  did  give  a  richer  brine — even  quite  saturated  ^ 
with  salt.     On  sinking  to  a  still  greater  depth,  the  deposits  of  salt 
were  tliemselves  in  tlie  end  arri\'ed  at.     But  the  fii'st  salt  which  was! 
met  with  was  a  bitter  salt  unht  for  consumption,  and  which  was,  there*! 
fore,  called  refuse  salt  (ahraun^sah).     On  sinking  still  deeper  through 
fresh  bands  of  earth,  vast  beds  of  real  i-ock  salt  were  struck.     In  thia' 
instance,  the  presence  of  these  upper  strat*^  containing  salts  of  potas- 
sium, magnesium,  and  so^^lium,  is  an  excellent  proof  of  the  formation  of 
rock  salt  from  sea  water.     It  is  a  self-evident  fact  thai  not  only  a  case] 
of  evaporatiun  to  the  end — for  instance,  to  the  separation  of  carnallitis — i 
but  also  the  conservation  of  such  s(duble  salts  as  those  which  separat 
out  from  sea  water  after  the  sodium  chloride,  forms  a  very  excep* 
tiona!  phenomenon,  which  is  not  rcpeated  in  all  deposits  of  rock  salt 
The  StassfuH  deposits,  therefore,  are  of  jiarticular  interest,  not  only 
from  a  scientitie  point  of  view,   liut   also   because  they  form  a  rich, 
source  of  pot^'tssium  salts  which  have  many  practicjil  uses.     In  Wester 


f  Wlien  the  Genuttn  «iavaiiU  ixiintcd  out  the  exoot  Incality  of  tlie  StAssfart  mII* 
beds   aud   their  deplh    behiw  the   Hurfikce   on  l\w  bani^  of  iufariiiiition  <M>ll«ct«!(i    (rtiiaJ 
VAriouB  citjiiHevtt   n^Rjiettmg  bort-holeH  uiul  the  direction  «il   the  stmtit,  and  wht^u  Ih 
Ivoriiigfl,  fondoeterl  by  the  Govermiiieiitj  struck  out  a  »iilt-hed  whicli  wa"*  bitter  ttnd  uudti 
for  U8<?,  then   there  was  a  grt*at  outcry  u||j^iiiiiHt  Bcieiico,  and  the  doubtful  result  even 
ciiUHed  the  cessation  of  the  further  work  of   deepening  the  nhaft)}.     tt  rtsjaired  a  gr«a 
efTort  to  perKuade  the  Government  to  continue  tlie  work.     Now»  when  ihe  |mr« 
eneounteretl   below   forms  on«  of  the  uoiportani  riches  of  Oerniiinj',  and  whtm  tbn 
'  refutM?  aalte  *  have  proved  to  be  most  precionn  (as  a  source  of  i>otaAi»iiim  iind  iinagiicsitiin)|| 
w©  fihould  see  in  the  utilisation  of  the  StaHisfurt  depo&its  one  of  the  conquests  of  scienc 
for  the  common  welfare. 
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Euwpe,  deposiU  of  rock  salt  have  loog  Ij^eri  kno^'n  at  Wieliczka,  near 
Cracow,  and  at  Cardona  in  Spain.  In  Russia  the  following  deposits 
are  known  :  {n)  the  vast  masses  of  ro4?k  salt  (3  siinare  kilorneti^s  area 
find  up  to  1 40  metres  thick)  lying  directly  on  the  surface  uf  tlie  earth 
at  Iletzky  Zastchit,  on  the  left  bank  ol  the  river  Ural,  in  the  Govern- 
ment of  Orenburg  ;  (/j)  the  Chingaksky  deposit,  90  verstjs  fix>Tn  the 
river  Volga^  in  the  Enotaeflsky  di.strict  of  the  Ooverrmient  of  Astra- 
khan;  (e)  the  Kulepinsky  (find  other)  deposits  (whose  thickness  attains 
150  metres),  on  the  Araks»  in  the  Uovernment  of  Erivfin  in  the 
Caucasus  ;  (d)  the  Katchie^niansky  deposit  in  the  province  of  Kars ; 
and  (i')  the  Krasnovockky  deposit  in  the  Trans-Caspian  province. 

A  saturated  brine,  formed  by  the  continues!  cun tact  of  subsoil 
water  with  rock  salt,  is  extractetl  by  means  of  bore- holes,  as,  for 
instjiuce,  in  the  Governments  of  Perm,  KharkofF,  and  Ekaterinuslav. 
Sometimes^  as  at  Wergtesgaden  in  Austria  (at  Salzknmmerhutte), 
.spring  water  is  run  on  underground  beds  of  rock  salt  containing  much 
clay. 

If  a  saline  spring  or  the  salt  water  pum[ied  from  bore-holes  con- 
tains but  little  salt,  tben  the  first  concentration  of  the  natural  solution 
is  not  carried  on  by  the  costly  conijumption  of  fuel,  but  by  the  cheaf^er 
oiethfKl  of  evaponition  by  means  of  the  wind.  For  this  purpose  the 
i>o-ciilled  gntduators  are  constructed  :  they  consist  of  long  and  lofty 
sheds,  which  are  sometimes  several  versts  long,  and  genei-ally  extend 
in  a  direction  at  right  angles  to  that  of  the  usual  course  of  the  wind  in 
the  distnct  These  sheds  are  open  at  the  sides,  and  are  filled  with 
brush wotid  as  shown  in  tig.  64.  Troughs,  a  b,  c  n,  Into  wliich  tlie  salt 
water  is  pumped,  run  along  the  top.  On  flowing  frtim  these  troughii, 
thn>ugh  the  o}>enings,  a.  the  water  spread.s  over  tlie  brush wruxi  and 
distributes  itself  in  a  thin  layer  over  it,  so  that  h  presents  a  verj'  large 
surface  for  evaporation,  in  consequence  of  which  it  rapidly  becomes  con- 
cent r?i  ted  in  wann  or  windy  weather.  After  trickling  over  the  brush* 
WiKxi,  the  solution  collet!ts  in  a  reservoir  under  the  graduator,  from 
whence  it  is  usually  pumped  up  by  the  pumps  P  P',  ajid  again  run  a 
second  and  third  time  through  the  graduator,  until  the  solution  reaches 
a  degrt^e  of  concentration  at  which  it  becomes  pn>ti table  to  extract  the 
salt  by  direct  heating.  Generally  the  evaporation  in  the  gmdiiator 
is  not  carried  beyond  a  concentration  of  15  to  20  parts  of  salt  in 
100  parts  of  solution.  Sti-ong  natural  solutions  of  salt,  and  also  the 
graduated  solutions,  are  evaporated  in  large  shallow  metallic  vessel**, 
which  are  either  heated  by  the  direct  action  of  the  llame  from  below 
or  from  above.  These  vessels  am  made  of  boiler  plate,  and  are  called 
salt  pans.     Various  means  are  employed  for  accelerating  the  evapora- 
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tion  imd  for  econouiising  fuel,  "which  are  mainly  based  on  an  artificial  ] 
dmught  to  cany  oflf  the  steam  as  it  is  formed,  and  on  subjecting  the  ] 
salino  solution  to  a  preliminary  heating  l>y  the  waste  heat  of  the  steam 
and  furnace  gases.     Furthermore,  the  first  portions  of  the  salt  which 


Pki,  «1,--t:Jrtti]mitor  fnr  tin- 1  vuporatiufi  of  tUf  u-Uir  of  valine  springs. 

crystallise  out  in  the  salt  pans  always  contain  gypsum,  owing  to  the 
water  of  saline  springs  always  containing  this  substance.     It  is  only 
the  |»oi'tions  of  the  salt  which  si^pui-ate  later  that  ai*©  distinguiBhed  by  i 
their  great  purity.     The  salt  is  ladled  out  as  it  is  deposited,  and  left  to] 
drain  on  inclined  tables  and  then  dried,  and  in  this  manner  the  so- 
called  bay  salt  is  obtained.     Since  it  has  become  possible  to  discover i 
the  saline  deposits  themselves,  the  extraction  of  table  salt  from  tliel 
water  of  saline  springs  by  e^  aporation,  which  was  befoi-e  in  general  11^  J 
has  begun  to  be  rejected,  and  is  only  able  to  htjld  its  ground  in 
wliere  fuel  is  cheap. 

In  Dialer  to  understand  the  full  injjwrtance  of  the  extraction 
Siilt,  it  will  he  enough  to  mention  that  on  the  average  20  lbs.  of  table^ 
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salt  are  consumed  per  head  of  population,  directly  in  food  or  for  cattle. 
In  those  countries  where  common  salt  is  employed  in  technical  pro- 
cesses, and  especially  in  England,  almost  an  equal  quantity  is  consumed 
in  the  production  of  substances  containing  chlorine  and  sodium,  and 
especially  in  the  manufacture  of  washing  soda,  «fcc.,  and  of  chlorine 
compounds  (bleaching  powder  and  hydrochloric  acid). 

Although  certain  lumps  of  rock  salt  and  crystals  of  bay  salt  some- 
times consist  of  almost  pure  sodium  chloride,  still  the  ordinary  com- 
mercial salt  contains  various  impurities,  the  most  common  of  which  are 
magnesium  salts.  If  the  salt  be  pure,  its  solution  gives  no  precipitate 
with  sodium  carbonate,  NajCOj,  showing  the  absence  of  magnesium 
salts,  because  magnesium  carbonate,  MgCOg,  is  insoluble  in  water. 
Rock  salt,  which  is  ground  for  use,  further  generally  contains  a  large 
admixture  of  clay  and  other  insoluble  impurities.^  For  common  use 
the  bulk  of  the  salt  obtained  is  quite  suitable  without  further  purifica- 
tion ;  but  some  salts  are  purified  by  solution  and  crystallisation  of 
the  solution  after  standing,  in  which  case  the  evaporation  is  not  carried 
on  to  the  end,  and  the  impurities  remain  in  the  moth^,r  Itqtior  or 
in  the  sediment.  When  perfectly  pure  salt  is  required  for  chemical 
purposes  it  is  best  to  proceed  as  follows  :  a  saturated  solution  of  table 
salt  is  prepared,  and  hydrochloric  acid  gas  is  passed  through  it ;  this 
precipitates  the  sodium  chloride  (which  is  not  soluble  in  a  strong  solu- 
tion of  hydrochloric  acid),  while  the  impurities  remain  in  solution.  By 
repeating  the  operation  and  fusing  the  salt  (when  adhering  hydro- 
chloric acid  is  volatilised)  a  pure  salt  is  obtained,  which  is  again 
crys'tallised  fi*om  its  solution  by  evaporation.' 

Pure  sodium  chloride,  in  the  form  of  well-formed  crystals  (slowly 
formed  at  the  lx)ttom  of  the  liquid)  or  in  compact  masses  (in  which  form 
rock  salt  is  sometimes  met  with),  is  a  colourless  and  transparent  sub- 
stance resembling,  but  more  bri  ttle  and  less  hard  than,  glass.  *  °     Common 


*  The  fracture  of  njck  salt  generally  hIiows  the  presence  of  interlayers  of  imparitieg, 
which  are  Bometimes  very  Kmall  in  weight,  but  Tisible  owing  to  their  refraction.  In  the 
excellently  laid  out  nialt  mines  of  Briannk,  l>elonging  to  Mr.  Letunoffsky,  I  counted  (188S), 
if  my  memory  dcien  not  deceive  me,  on  an  average  ten  interlayers  per  metre  of  thickness, 
between  which  the  salt  was  in  general  very  pure,  and  in  places  quite  transparent.  If  this 
be  the  case,  then  there  would  be  850  interlayers  for  the  whole  thickness  (about  83  metres) 
of  the  bed.  They  probably  correspond  with  the  yearly  deposition  of  the  salt.  In  this 
case  the  deposition  would  have  extende<l  over  more  than  800  years.  This  should  be 
observable  ut  the  present  day  in  lakes  where  the  salt  is  saturate<l  and  in  course  of 
depo:*ition. 

*  I  have  i»ersonally  convinced  myself  that  by  this  method  not  only  the  sulphates, 
but  also  the  i»otas^iuni  saltH  are  entirely  removed. 

'•^  Accordin;:  to  tlie  determinations  of  Klodt,  tlie  Briansk  rrxrk  salt  withstands  a 
pressure  of  340  kiU^'.rrams  |)c>r  s^iuare  centimetre,  whilst  glass  withstands  1700  kiloc 
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salt  always  crystallises  in  the  cubic  syst-eiu,  most  frequeatly  in  cu^ 
nud  Tnoi*e  rarely  in  octahedra.  Large  transparent  cul^es  of  entnmon  sa 
having  edges  up  to  10  centimetres  long,  are  sometimes  found  in  masH 
of  roctk  salt  J  ^  By  i-apicl  evaporation  common  salt  is  ciepositcd  from  i 
solutions  in  the  form  of  very  small  crystals,  but  with  slow  e\  apoi*^tiJ 
the  ci'ystals  atta-in  a  considerable  size.  When  evaporat<^»l  in  op 
spacer  the  salt  often  separates  out  on  the  surface^^  as  cubes^  which 
gi*ow  on  to  each  other  in  th<?  form  of  py  rami  rial  square  funnels.  In 
still  weather,  these  clusters  are  able  to  support  themselves  on  the  sur- 
face of  the  water  for  a  long  time,  and  sometimes  go  on  increasing  to  a 
considenible  degree,  but  tliey  sink  directly  the  water  penetrates  iiiidde 
them.  Halt  fuses  into  a  colourless  lifjuid  (sp.  gr.  1'602,  according  to 
Quincke)  at  about  774''  (Carnelley)i  and  if  pure  it  solidiBes  into  a  non- 
crystalline mass,  and  if  impure  into  an  opaque  mass  whose  surface  ja 
not  smo*»th.     In  fusing,  sodium  chloride  commences  to  volatilise  (I 


In  tills  respect  &alt  ie  twicv  n.4  secure  as  briclcs^  and  thcrefara  immeuAe  nmB«e*s  inajl 
extfAcietl  from  lanflerifrotiiid  wcrkinga  with   perfect   safety,   witliout   having    t^cou 
to  brickwork  eupports^  Ijut  only  taking  advantage  of  the  propertiei*  of  the  salt  itselL 

' '  To  obtain  welbftimied  cryBtAlB,  a  mittiriit<?d  t«oliitioii  is  mixed  with  ferric  Qhloii 
And  sevend  hituiU  crystain  ol  sodiuiu  chh^ride  are  plivced  at  the  bottom,  and  the  solntj 
!« allowed  to  slowly  livaporate  in  a  closed  vtisfiel.     Octahedral  crystivln  are  dbtatned  in  i 
presence  of  borax,  urea,  itc,  iti  the  solution..    Very  fine  crystal »  are  formed  in  a  moa^l 
giehitmoufl  bilica. 

1*  If  ft  solution  of  godiuni  chloride  be  dowly  heat-ed  from  above,  where  the  evupoT! 
tjoii  IB  acconiplijiliedt  then  the  np^wr  Uiyer  will  become  Katnruitxi  before  the  lowrir  lUid 
coaler  layers,  and  therefore  cryfitallifiiktioii  will  then  begin  on  the  Kurfjice,  and  the  crya 
fIrKt  formed  will  be  held  up,  !mviu|^  also  dried  from  above,  on  tlie  Murface  until  they 
come  quite  soaked.  Being  heavier  thiui  the  solution  the  crystalg  are  partitdly  iinuten 
under  it,  and  the  following  erjstallieiition,  also  proceeding  on  tire  surf  ace,  will  o»ly  fd 
er>'Ht«UH  along  the  hide  of  the  originu,!  erystAls.  Tlie  funneU  are  formed  in  this  rnann 
It  will  he  borne  on  the  surfivce  like  a  boat  (if  there  be  no  waveg),  because  it  will  grow 
more  from  the  upper  edges.  We  can  thus  nnderatand  this^  at  first  sight,  strange  fvmnel 
form  of  crystalliaalioti  of  Halt.  In  explanalion  why  tho  crystalliiiutiou  under  the  above 
conditionH  beginn  at  the  surface  and  not  at  the  lower  layers,  it  mu^^t  be  meutioned  that 
the  specific  gravity  of  a  crystal  ot  »odium  chloride-- 2' l(i,  and  that  of  a  »nlutinu  saturated 
tU  2fi*^  eonttviuH  *iG*7  p.o,  of  Bait  anrl  has  a  specific  gravity  at  'lo'A'^  of  I'^OOl  ;  ut  15^  a 
eolution  coutabiH  2fi*5  p.c.  of  atult  and  has  a  up,  gr.  1'203  at  154°,  HfUce  a  tiolution  aala- 
rated  at  a  higher  tttmperatiire  is  Hpe<ifically  ligliter,  uotwithi^tandirig  the  greater  atMotmt 
of  aalt  it  contaiuH.  Sttrfnce  cryntftllisation  cannot  take  place  with  many  >tobstaiice*a, 
because  their  ftolubility  increai^s  more  rapidly  with  the  temperature  than  their  ^jiei^ifie 
gravity  de-creaf^e».  In  this  ea»e  tlie  saturated  solution  will  alwayn  be  iu  tlie  lower  layers 
where  alr«io  the  cryHtalliHatiou  will  take  place.  Beaidei^  which,  it  may  be  added  that,  aa  a 
consequence  of  the  propertieR  of  water  and  Bolutione,  when  they  are  heattMl  fnjni  nbovo 
(for  im^tanceT  by  the  BUti'nrsLy^)  the  wiinuer  layer«;  being  the  lighteat  remain  abovft^  wlulst 
when  heated  from  below  they  rise  to  tlte  top.  For  thia  reason  the  water  at  great  depth* 
below  the  surface  i«  always  cold,  as  ban  long  been  known.  These  ciroutnHtancea,  aa  woU 
as  those  observed  by  Soret  (Chapter  L  Note  li»),  exjdain  the  great  differencos  ot  denaity, 
temperaturer  and  in  the  amount  of  Sfdts  held  in  the  oceans  at  difTerent  latitudes  (m  poliif 
and  tropical  climesj  and  at  vanous  depths. 
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weight  decreases),  and  at  a  white  heat  it  i^olatUises  with  great  ease  and 
entirely  ;  but  at  the  ordinary   temperature  it  may,  like  all  ordinary 
salts,  be  consider-ed  as  non- volatile,  although  as  yet  no  exact  expen- 
se uts  hdxa  been  made  iti  this  respect. 
^^      A  saturated  '*  solution  of  table  salt  {c*>ntaimiig  26*4  per  cent,)  has 
^^at  the   ordinary  temperature  a  specific  gravity  of  about  1*2,      The 
/specific  gravity  of  the  crystals  is  2*16.     The  salt  which  separates  out 
at  the  ordinary  luid  higher  temperatures  contains  no  water  of  crystal- 
lisation ;^*    but  if    the  crysUds   are    formed   at   a  low    temperature, 
especially  from  a  saturated  solution  cooled  to  —12°,  then  they  present 
I      a  prismatic  form,  and  contain  two  erjuivalents  of  water,  NaCl,  211^0, 
\     At   the    ordinary  temperature,   these   crystals   split   up  into  sodium 
•    chloride  and  its  scJutionJ''     Unsaturated  solutions  of  table  salt  when 
cooled  below  C*  give'^  crystals  of  ice,  but  when  the  solution  hiis  a 

*^  By  combining  the  resultti  of  Poggiale,  Miiller,  und  KarBt^ti  (tliey  wre  evidently 
more  sceomLe  than  tJiDi.e  of  Gay-Lasaac  andotlier^j,  I  Fyand  tlmt  a  satarated  eolution  at 
e^,  from-O"  to  10b\  contams  35-7  +  tt'CH84f +  Cn>002/»  grams  of  salt  per  1(M>  j^riims  of  wnier* 
This  formula  gives  a  wlubility  ut  0^  =  56'7  grmm*  { =-Sfi3  p>oO»  whilst  iiccording  to  Kw- 
st^in  it  ia  30O9,  Poggiale  35f*,  nnd  MUller  86'©  giumB.  The  somewhat  h^rge  divensity  in 
the  data  re^iie^iiiig  ko  common  a  RubsUmoe  a»  eodium  chloride  ehowa  the  necessity  of 
freMh  and  ma«t  eiact  dctermlnationi. 

^*  Perfectly  pure  fused  &ali  is  not  hygroecopicj  according  to  KArsteCi  whilst  the 
cryflt&llised  salt,  even  when  *mito  pure,  atlrtvcts  a^*  much  as  0'6  p,<:.  of  water  from  moiat 
air,  according  to  Stae*  In  the  Brianak  mine*i,  where  the  t«imperttture  throaghout  the 
whole  yeiir  is  about  +11}',  it  may  be  obsen^ed,  aa  Baron  Klodt  informed  me^  tlii^t  in  the 
«amjner  during  damp  weather  tbe  walls  become  moiat,  while  in  winter  they  are  dry. 
This  in  in  accordance  with  the  fact  that  the  vapour  teoston  of  solutions  has  a  definite 
magnitude,  which  im  leBH  than  tliat  of  wiiter. 

If  the  salt  contain  imparities — such  as  mugiieMium  sitlphtiie)  itc— it  is  more  hygro- 
Boopie.  If  it  cxtntain  anj'  magneiiiam  chloride  it  partially  efttorcKeea  in  a  damp  atmosphere. 
Tin*  cryBtallJHed  and  not  perfectly  pure  salt  decrepitates  when  heated,  owing  to  itti  con- 
tain  In  g  water.  Tb«?  pure  %alt,  imd  also  the  trauipareot  rock  oalt,  or  that  whieh  ha&  been 
mice  fnsed,  cloefl  not  dt'LTepitaie,  Fu»ed  &odittm  chloride  gives  a  feeble  alkaline  reivction 
with  litmns,  ae*  bi*s  been  «hown  hy  many  observera,  which  is  due  to  the  fornrntion  of 
sodium  o3Lide  (probably  by  the  ifcction  of  the  oxygen  of  the  atmoepbere).  According  to 
A,  StcherbiikufF  very  sensitive  litmun  (waehed  in  alcohol  and  neutralised  with  otalic  acid) 
i»bowH  an  alkaline  reaction  with  even  the  cry»talli»ed  »alt* 

It  imiy  be  ob«w?rved  that  rock  aalt  ftometimea  contains  cavities  filled  with  a  colourleiM 
liquid.  Certain  kinda  of  rock  salt  emit  lUi  odour  like  that  of  hydrocarbons.  These 
phenomena  have  a»  yet  received  very  little  attention. 

*^  By  cooling  a  solution  of  table  salt  saturated  at  the  ordinary  temperature  to  —  Ifi^ 
I  firBt  obtained  well-formed  tabular  (aixaided)  crv'titala,  which  on  arriving  at  the  ordinary 
tenii>erature  diaintegrated  (with  the  aeparatiou  of  anhydrous  sodium  chloride^,  and  then 
primnatic  needles  np  to  *20  mm.,  long  Wi^re  formed  from  the  aame  solution.  I  have  not 
yet  investigated  what  is  the  reason  of  the  difference  in  crystalline  form*  It  is  knowa 
<<MitacherUcb)  that  Xal.^Hp  also  cryslaUises  in  plates  or  priima.  Sodium  bromide  alao 
crystallises  with  aHjO  at  the  ordinary  temperature. 

1*  Notwithstanding  the  great  Himplicity  (p.  Sit  of  the  observationH  on  the  formation 
of  ice  from  solution;  ^till  even  for  sodium  chloride  they  cannot  yet  be  considered  oh  sufli- 
ciently  liarmonious.  According  to  Blagduu  and  Eaoult  the  temperature  of  the  formation 
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composition  NaCI,10HyO  it  solidities  completely  at  a  tempemture  of 
—  2Z°*     A  solution  of  table  salt  satunited  at  its  boiling  point  boils  at 
abowt  109"^,  and  contains  about  42  parts  of  salt  per  100  jmrts  of  water.] 
Of  all  its  physical  properties  the  spec i fie  gra\-ity  of    solutions  ai 
sodium  chloride  is  the  one  which  has  been  the  most  fully  investigatedJ 
A  comparison  of  the  results  of  Kremers,  Gerhich,  Schmidt,  MangtiaoJ 
Tliomsen,  Nicol,    and  Bender   proves*^  that  the  specific  gravity  (ial 
vficuum,  taking  water  at  4^  as  10000)  at  15°  in  relation  to  p,   or  the 
percentage  amount  of  the  salt  in  solution,  in  expressed  by  the  equa* , 
tion  Si5  =  9991*6  +  7M7;>  +  0^21  AOp^.     For  instance,  for  a  solutioE 
200HjO  +  NaCl,   m  which  case   j)^!^^,  S,.,  =  10106.      It  is  seen} 
from  the  curve  that  the  addition  of  water  to  the  solution  produces  wl 

contraction,^*  and   that  the  addition  of  salt    (or  the  differential    .=-^  |  | 

V  ^P/  L 

causes,  at  lo"^,  a  change  of  specific  gravity  wliich  is  expi*essed  by  thej 

straight    line    7M7  +  0-428/?.      At   O''  and    lOO''  (when   the   specific 

of  ice  from  a  Holutioti  contaiiiiug  c  griuriH  of  fiaU  per  100  graiiitaof  wfttpr=  —  0'6c^  c  =  10 
HCcorclmg  to  Rftfeetti  ^  —  0(549c  to  <?  =  8'7,  uccording  to  D©  Copjwt  (lo<^  =  10)=  —  0*76 
-f-  000B4tt^,  and  according  to  Guthrie  n  much  lower  fi^ir*}.    By  taking  Botiottt'e  figure  ■ 
applying  the  rale  given  on  p.  01  (Chaptrer  I.  Note  4W)  w©  obtain — 

t  =  0'049x -^^  =  2'i)5. 
la-s 

The  dtvtn  for  strong  solntiona  are  not  lesa  contradictory ►  Thna  with 20  p.c.  of  »i%U,  i 
in  fanned  at  —14  4  uccording  to  Karst^iit  —17''  iit'cording  to  Guthrie,  —  17'tV^  accordiu 
to  De  Coppet,  Riidorff  Bay  a  that  for  strong  nolutions  the  iemperatnre  of  the  fomiatina 
of  ice  descends  in  proi>ortjon  to  the  contents  of  the  conipodud,  NuCI^i^HmO  (per  HXl  grnitii 
of  water)  by  O'Hi*!^  |>er  1  ^ani  of  salt,  and  De  Cojipet  sliuvvs  that  there  is  tio  proportiauJ 
ality,  in  a  ^triut  wt^nne,  for  eitht^r  a  percentage  of  NaCl  or  of  NiiCUSH.O.  The  d»lA  i 
iug  the  vapour  tension  and  boiJiiug  j>oint  of  Holutiona  of  sodium  chlondjo  ftre  ob  untms 
worthy  a»  the  preceding. 

^^  A  collection  of  observations  on  the  epecifle  gravity  of  Boltitionii  of  sodium  clilorid 
imd  all  other  lUjueoutt  Kolutionfi  which  have  huen  more  or  less  invesfeigAted  up  to  tUn 
present  time  in  given  iti  my  work  cite^l  in  Chapter  I.  Note  50, 

Solutions  of  common  salt  have  ill  ho  been  frequently  investigated  ae  regard  b  rate 
difftiJtioit  (p.  G^),  but  as  yet  there  are  no  complete  data  in  tliis  respcjct.     It  may  be  ineii'<] 
tioned  thftt  Graham  and  De  Vrie»  demon ntra ted  that  diiffuMon  in  gelatinous  ma ^iseii  (fo 
instance,  gelatin  ji4ly  or  gelatinous  Bilica)  proceeds  in  the  t^njcna  manner  tu&  in  water,  whicli 
may  probably  loud  to  a  convenient  and  accurate  method  for  the  investigation  of  ihtfl 
l>beiiomena  of  diifui*ion,     N,  Umoff  (Ode&fea,  1H8H)  investigated  tlie  diffunion  of  commo 
Halt  by  meaUH  of  glatid  globulea  of  definite  dciiHity,     Having  poured  water  Into  a  cylmd«i 
over  a  layer  of  a  fiolution  of  Rodium  chloride,  he  ohserved  during  a  period  of  ai^vera 
months  the  pohitiou  (height)  of  the  globules,  which  floated  np  higher  and  higher  as  th 
ualt  iiermeuted  upwardfi*     UraoR  found   that  at  a  oonnitant  temperature  the  dit-taucea  of  ■ 
the  globuleH  (that  is,  the  length  of  a  colum^i  limited  by  layers  of  definite  concentration^ 
remain  constant;  that  at  a  given  moment  of  time  the  concentration,  q,  of  di/Terent  lay 
aiiaated  at  a  depth  i  is  expressed  hj^  the  etpuitiou  B— K*^log,  (A  — ^),  where  A,  B,  an4 
K  are  constants ;  that  at  a  given  niomenl  the  velocity  of  the  diffejent  layers  is  proper 
tional  to  their  depth,  A'c.     The  information  rt^Hj.>eeting  dif!uj%ion  in  considerably  exteudfi 
by  tliese  re&earchf'H,  hut  still  thiK  smhjectp  from  itn  importance  for  the  tlieory  of  solntiu 
and  of  Uq,uidH  in  general^  yet  awaits  a  perfectly-detuiWd  inveHtigation. 

**  II  iS'd  ^  the  specific  gravity  of  water,  and  S  the  specific  gravity  of  a  aoluiion  oout 
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g^ravity  of  water  is  9998  7  and  958 '»}  this  augmentation  is  expressed  if 
754  und  65"7  l>e  substituted  fur  71 '17^  and  0*31  and  0*72  for  0*428* 
In  this  maaner  the  specific  graWty*'*'  at 


0° 

15° 

30° 

100" 

;.  =  5 
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11501 
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when  water  at  0^  =  10000.»« 

p  |ix.  of  Rult,  then  by  iiuxing^  for  instance,  equ&I  weights  of  wat^r  and  the  (solution,  wb  sbAll 

obt^kiu  a  t^olution  coittaiuing  \p  of  the  wait,  imd  if  it  befoniied  withont  cojitnwtioii,  theu  ita 

2        11 
speoifio  gravity  f  will  be  determmed  by  the  equation  -  =  ^  +  - ,  b«eaaise  the  volunuj  is 

equaJ  to  the  weight  divithjtl  by  tfie  density.  In  reality,  the  BpNBcific  gravity  aJwa}'^  com^A  out 
greater  tJiari  Uiat  irulciiliiteil  an  the  supposition  of  aq  ftbfieuce  of  contraction,  ad  may  be 
Rhown  by  «ab«titatiiiK  S  by  iiR  ixu-nbolic  expret^ion^  S^  So  +  Ap  +  Bp^,  and  j*  by S,>  +  .4 ^ /?  + 
B\pr.  By  thi»  meann  it  moy  bo  eaaily  sliowii  tJuit  the  eontrat'tioii,  c,  lu  the  fonnution 
of  100  gTiJiniis  of  HfoUition,  in  not  in  »o  )»imple  il  rtilutioti  io  the  c^irapfjiaition  of  thta  i^tution 
adG.  T.  Geriftch  (1H8«(  tnkeH  it.  on  the  supposition  tlntt  e  =  Ap  (100 -y>),  where  A  in  a  con- 
stant f<;r  all  ftiiltttions  of  a  ^civen  iiubHtaiic«.  The  magnitude  of  e  is  fcvidently  determined 
by  the  equation^  J3-h  (100— yj)**fo  -  lOO'^i-r,  wbure  B  is  the  specific  gmvity  of  the  sub- 
fliiince  disHolvetl^  im  tJie  uappotiition  of  itw  being  in  a  liquid  ittate.  If  for  sotLiim  chloride 
at  15"^  with  p  — 10  and  p  —  20,  the  mean  obser^'ed  specific  gravitioB  be  taken  as  10791)  and 
11501,  then  (aft  S,*  -  IKHll  tV)  .4  - ^851  x  10 - '<»,  and  i/^  17470,  and  therefore  for  p  =  5,  the 
calctilaied  3pe*JLfic  gravity  will  be  10877,  and  the  obH^rved  iii  lOa&S,  witli  a  probable  error 
of  nt>t  more  thaii!  ±  *i :  hence  the  difference  greatly  excee4s  th«;  ptJHsiihIe  en'or,  A  o^imilar  un» 
adaptability  fT-f  the  above-mentioned  fittppositiffn  is  evinced  in  tlie  investigutionof  all  other 
aotiitionB.  The  hypotlteais  under  considenUion  re»embteR  in  this  reBj>ect  the  hj^ioiheBiB  of 
Michel  and  Craftt*  or  Grosjean,  which  are  examined  in  my  work  on  the  i-ipecriic  grarities  of 
solutions-  In  a  iir^i  rough  approximation  solutiona  nmy  be  regarded  as  luechiinical  aggre> 
gates,  and  then  a  general  law  of  their  fni-uiation  way  he  looktjd  for,  but  a  detailed  study 
of  the  subject  ueceiisitateH  the  jw^arch  fur  cht^mical  reactions  in  thern,  and  snch  a  repre- 
■entation  of  the  nature  of  ^tdutinnii  leude*  Uj  tlie  conelnsiona  enunoiated  in  the  first  chapter 
Iknd  tnore  fully  developed  in  iny  abovivnientioned  work.  This  naturally  does  not  exclude 
the  desire  to  find  laws  to  which  aulutioris  may  be  subjected,  but  under  the  inevitable 
condition  of  the  eonoideration  of  their  cbeniieal  composition.  Such  an*,  for  exaniplo,  the 
deductions  of  Van't  HofT,  who  does  nol»  however,  touch  on  the  specific  gravity  of  aolu- 
tioufl.  With  respect  to  the  »\k  gr.  of  weak  solutions  of  metallic  chloriden,  it  may,  for 
initanoe,  be  supposed  that,  having  a  cotupoHitiou  RCl*,  -f  SOOOHj,  they  would  all  have  a 
specific  gravity  at  IS-"  4°,  approaclung  to  9951  -(-2"5H5Jlf,  where  Mis  the  molecular  weight 
of  the  metallic  cliloride  dissolved.  For  instance,  for  SrCl^.^  M— 158,  and  the  fnriuula  gives 
S'^  10851,  and  experiment  10^04  ;  for  LiCl,  M=^  425,  and  S  =  100^1,  and  experiment  10060. 
But  similar  rules,  without  the  existence  of  a  complete  theory  of  solutions,  can  only  serve 
as  material  for  tlie  construction  of  a  theory,  and  too  great  an  importance  should  not  be 
attached  to  them. 

i*  Generally  tlw  «peeifle  gravity  is  observed  by  weighing  in  air,  dividing  the  weight 
in  grams  by  tlie  volume  in  cubic  centiraetres,  found  from  the  weiglit  of  water  displaced 
divided  by  its  density  at  the  temj>erature  under  which  the  experiment  \r  curried  ou»  If 
wo  call  this  specific  gravity  Sj,  theu  a^  a  cubic  centimetre  of  air  under  the  usual  eondi- 
tionH  weighs  about  0*0012  gram,  the  sp.  gr.  in  a  vacuum  S^5i-O'0O12  (5^  — 1),  it  tlie 
density  of  water  =  1, 

^  If  the  sp.  gr.  S^  he  fonnd  directly  by  dividing  the  weight  of  a  solutitm  hy  the 
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It  shoukl  l>e  remarked  that  Baumt"s  hydrometer  is  graduated  by^ 
taking  a  10  per  cent,  solution  of  sodium  chloride  as  10°  on  the  scale, 
and  therefore  it  gives  appi\*ximatelj  the  percentage  amount  of  the  suit  J 
in  a  solution.     Table  salt  is  somewhat  soluUle  in  aleohul,'^  hut  it  m] 
insoluble  in  ether  and  in  oils. 

Table  salt  gives  very  few  compounds  ^*  (double  salts)^  and  these  are 
very  readily  decomposed  ;  it  is  also  decomposed  with  great  difficulty 
and  its  dissociation  is  unknown*^*''     But  it  is  easily  decomposed,  bothl 
when  fused  and  in  solution,  by  the  action  of  a  galvanic  current.     If  the  ' 
dry  salt  be  f u se<l  in  a  crucible  and  an  electric  current  be  passed  through 
it  by  immersing  carbon  or  platinum  electrodes  in  it  {the  positive  elec- 
trode is  made  of  carbon  and  the  negative  of  platinum  or  mercury),  it  is  i 
decomposed  into  two  mthaUtn^ie^  \  a  malodorous  gas  called  chlorine  appears] 
at  the  positive  pole  and  metallic  sotlium  at  the  negative  pole,  which  [ 
shows  that  table  salt  consists  of  these  two  eleuients.     Both  of  them  act 
on  water  at  the  moment  of  their  evolution  ;  the  sodium,  as  we  already 
know,  evolves  hydrogen  from  water  and  forms  ciiustic  soda,  and  the 
chlorine  evolves  oxygen  from  water  and  forms  hydrochloric  acid,  and 
therefore  on  passing  a  current  through  a  solution  of  table  salt  metallic 
so<lium  will  not  be  foniied  — liut  oxygen,  chlorine,  and  hydrochloric  acid 
will  appear  at  the  positive  pole,  and  hydrogen  and  caustic  soda  at  the 
negative  pole.     The  presence  of  hydrochloric  acid  is  easily  recognised 
by  its  acid  properties,  and  the  pre>sence  of  caustic  soda  by  its  alkaliao , 


weijfht  qI  water  at  Uie  same  tomperttturc  lUid  in  the  same  vf^lurae,  tht^ii  the  trtt©  ap.  gr, 
S  referred  to  wftter  at  4°  is  found  by  multiptymg  S-i  by  the  sp.  gr.  ol  wAter  ftt  the  tern- 
pt^niture  of  ob^crvatioD,     All  the  necefisary  corrections  for  the  i*i>«'eift«  ^Avity  of  tiquicl«  i 
itru  ionnidefed  iu  my  two  worka^  On  the  Compuumh  of  Alcohol  with  Water^  ISdB,  anrt  j 
The  Invpfstigation  of  Aqueous  SolutionJt  hij  their  Specijic  Gravity^  1887. 

It  may  not  be  AuperflaonB  to  remark  that  the  data  re  spec  ting  the  ap.  gr»  for  solution*  I 
of   ftodimij   chloride  near  euttiriition  do  not  8uf)it!iently  agree,  imd  there  is  reason  fori 
thinkiMj,;  that  in  ntrtjug  aolutioiia  containing  more  sodium  thloride  than  in  NikClflUH^O 
(p ^24*63)  a  different  cor^i*  tiboold  bi^  ach>pted. 

**  According  to  Bcliiil  100  grama  of  akohol,  containing  p  p.c.  by  weight  of  C^H^» 
diii9olT«s  ftt  Ih^ — 
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**  Amonggt  the  double  salts  formed  by  eoilium  chloride  that  obtained  by  Ditte  (1870) 
by  the  evaportttion  of  the  Kolution   r«-maining  aft^r  heating  sodium  iodate  with  hydro- | 
chloric  acid  until  chlodnc  ceaftes  Uy  be  libntrated,  is  a  re  mark  able  one.     Its  composition  i« 
Nal05^NuClr4fI.jO.     Itammelflberg  obtained  a  similar  (perbapH  the  liiune)  salt  In  weU- 
fornied  crystals  by  the  direct  reaction  of  both  salts. 

^  But  it  tdreadly  gives  sodium  in  the  flame  of  a  Buuaen'ti  burner  (see  Spc»ctni]li 
Analyrtiti),  doubtless  under  the  reducing  iu.-tion  of  the  t'lements  carbon  and  hydrogen.    In 
the  preHenoe  of  an  excess  of  hydrochloric  iw'id  in  the  flame  (when  the  ticKlium  vrouM  |nv4^] 
sodium  chloride),  there  is  no  dodiaui  foriiii^d  In  tbe  dumc  ami  the  f^alt  does  uotoommttni-l 
cate  Its  usual  coloration. 
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reaction*  Thus  table  s^ilt,  like  other  salts,  is  decomposed  by  the  actioa 
of  an  electric  current  into  a  metal  and  a  haloid,  and  presents  a  compo- 
sition of  great  siinplicity  in  comparison  with  the  composition  of  many- 
salts  containing  oxygen,  which  fact  supports  the  hydi'ogen  theory  of 
acids  discussed  in  Chapter  Til.  NAturally,  like  all  other  salts,  it  may  i 
he  formed  fixjm  the  corresponding  base  and  acid  with  the  separation 
of  water.  In  fact  if  we  mix:  caustic  soda  (alkali)  with  hydrochloric 
acid  (acid)  then  table  salt  is  formed,  NaH0  +  HCl=KaCl  +  H50. 

With  respect  to  the  double  decompositions  of  sodium  chloride  it 
should  be  observed  that  they  are  most  varied,  and  serve  as  the  means 
for  obtaining  nearly  all  the  other  compounds  of  sodium  and  chlorine. 

77t^  double  decompositions  of  sodium  chforide,  as  un  example  of  the 
double  decompositions  of  salt*,  are  almost  exclusively  based  on  thept>s- 
sibility  of  the  metal  sodium  being  exchanged  fur  hydrogen  and  other 
metals.  But  neither  hydrogen  nor  any  other  metal  is  able  to  directly 
ilisplace  the  sodium  from  table  salt.  This  would  result  in  the  separation 
of  metidlic  sodium,  which  itself  displaces  hydrogen  and  the  majority  of 
other  metals  from  their  compounds,  and  is  not,  as  far  as  is  known,  ever 
sepfirated  by  them.  The  repjlacement,  then,  of  the  sodium  in  sodium 
cliloride  by  hydrogen  and  ditferent  other  metals  is  accomplished  by  the 
transference  of  the  sodium  into  some  other  sodium  compound.  If 
liydrogen  or  another  metal,  M,  were  combined  with  an  element  X,  then 
the  double  decomposition  NaCl+MX=NaXH-MCl  takes  place.  Such 
double  <lecompositions  proceed  under  particular  conditions,  sometimeu 
completely  and  sometimes  only  pailially,  as  we  shall  endeavour  to  explain. 
In  order  to  acquaint  ourselves  with  the  double  decompositions  of  sodium 
chloride,  we  will  follow  the  methods  actually  employed  in  practice  to 
pixwure  compounds  of  sodium  and  chl*>rine  from  table  salt.  For  this 
purpose  we  will  tirst  describe  the  treatment  of  sotlium  chloride  by  sul- 
phuric acid  for  the  preparation  of  hydrochloriu  acid  and  sodium  sulphate. 
We  will  then  descril>e  the  substances  obtained  from  hydrochloric  acid 
and  sulphate  of  sodium.  Chlorine  itself,  and  nearly  all  the  other  com- 
pounds of  this  element,  may  be  procured  from  hydrochloric  acid,  whilst 
sodium  carbonate,  caustic  soda,  metallic  sodium  itself  and  all  its  com- 
pounds may  be  obtained  from  sotlium  sulphate. 

Even  in  the  laboratory  of  animal  organisms  table  salt  is  subjected 
to  similar  changes,  furnishing  the  sodium,  alkali,  and  hydrochloric  acid, 
which  take  part  in  the  processes  of  animal  life. 

Its  necessity  as  a  constituent  in  the  food  of  both  human  beings  and 
animals  becomes  evident  when  we  consider  that  both  hydrochloric  acid 
and  salts  of  sodium  are  found  in  the  substances  which  are  separated  out 
from  the  blood  into  the  stomach   and  intestines.     So,  for  -example. 
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sotliuni  salts  are  found  in  the  h]ooil  and  in  tlitj  bile  elaborated  in  the 
liver,  and  acting  on  the  foml  in  the  alimentary  canul,  whilst  hydro- 
chloric acid  is  found  in  the  acid  juices  of  thti  stomach.  Chlorides  of  the 
luetahi  live  ahvays  found  in  considerable  quantities  in  the  urine,  and  if 
they  are  excretefl  they  must  be  replenished  in  the  organism  ;  and  for 
the  replenishment  of  the  loss  substances  containing  chlorine  compounds 
iDUfit  be  taken  in  food,  Not  oidy  do  animals  consume  those  amounts 
of  sodium  chlorine  which  are  found  in  drinking  water  or  in  plants  or 
other  animals^  but  experience  has  .shown  that  many  wild  animals  travel 
long  distances  in  .search  of  salt  springs,  and  that  domestic  animals, 
wliich  in  their  natural  condition  do  not  require  table  salt,  willingly 
ttike  it,  and  that  the  functions  of  their  organisms  l>econae  much  more 
regular  from  doing  so* 

77w  action  of  sidphurlc  acid  on  sodium  cldorith. — Tf  sulphuric  acid 
be  poureti  over  table  salt,  then  e\^en  at  the  ordinary  temperature,  as 
Glauber  observed,  an  odorous  gas,  hydrochloric  acid,  is  evolved.  The 
reaction  which  takes  place  consists  in  the  sodium  of  the  table  salt  and 
the  hydrogen  of  the  sulptmric  acid  changing  places. 


NaCl         + 


HjSO,         ^         HCl         -f         NaHSO^ 

Bulphunc  Lie  id.  HydrocJiloric  acid.     Aeid  sodimn  sulphiviA, 


At  the  ordinary  temperature  this  reaction  is  not  complete,  but  sooti 
If  the  mixture  be  heated,  the  decomposition  proceeds  until,  if 
there  be  sutticient  table  salt  present,  all  the  sulphuric  acid  taken  is 
converted  into  acid  sodium  sulphate.  If  thete  be  an  excess  o£  acid  it 
will  remain  unaltered.  If  2  molecules  of  sodium  chloride  (117  parts) 
be  taken  jier  molecule  of  suljthuric  acid  (98  parts),  then  on  heating  the 
mixtui'e  to  a  moderate  tejuperature  only  one -half  {58-5)  of  the  tiible 
salt  will  sufier  change.  Complete  decomposition,  after  which  neither 
hydrogen  nor  chlorine  is  left  in  the  residual  salt,  proceeds  (when  117 
parts  of  table  salt  are  taken  per  08  parts  of  sulphuric  acid)ct<  a  red  heal 
QfUy,     Then — 

2NaCl         +         HaSO^         =         2HC1         +         Na,>80, 
Table  hiilt,  Suli>tmric  iw;id.  Hydr<>chlonu  acid.        Sodium  sulpbat«». 


Tins  double  decomposition  is  the  result  of  the  action  of  the  acid 
salt,  NaHSO^,  tirst  formed  on  sodium  chloride,  because  the  acid  salt^ 
as  it  contains  hydrogen,  itself  acts  like  an  acid,  KaCl  +  NaHS04  = 
HCl  +  Na.jSO^*  By  adding  this  equation  to  the  tirst  we  obtain  the 
second,  which  expresses  the  ultimate  reaction.  Then  all  the  hydrogen 
of  the  sulphuric  acid  and  chlorine  of  the  salt  are  evolved  as  gaseouB 
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hydrochloric  acid,  and  the  residue  will  be  entirely  free  from  them.  Hence 
in  the  above  i-eaction,  non-volatile  or  sparingly- volatile  table  salt  and 
spanngly  volatile  sulphuric  acid  arc  taken »  and  as  the  result  of  their  re- 
actioHj  after  the  hydrogen  and  sodium  have  exchanged  plaet^s,  there  is 
obtained  non-volatile  sodium  sulphate  and  gaseous  hydrochloric  acid* 
The  fact  of  the  latter  lieiug  a  gaseous  substance  forms  the  main  reason 
for  the  reiietion  proceeding  to  the  very  end.  The  mechanism  of  this 
kind  of  doulde  decompositiou,  and  the  c^iuse  of  the  course  of  the  reac- 
tion, are  exactly  the  same  as  those  we  saw  in  the  decomposition  of 
nitre  (Chapter  YI.)  by  the  action  of  sulphuric  acid.  The  sulphuric  acid 
in  each  displaces  the  other,  volatile,  acid. 

Not  only  in  these  two,  but  in  every  instance,  if  a  volatile  acid  can 
be  foimed  through  the  substitution  for  a  metal  of  the  hydrogen  of  sul* 
phuric  acid,  tlien  this  volatile  acid  will  be  formed.  From  this  it  maybe 
coJicluded  tliat  the  volatility  of  the  acid  shoukl  Vie  considered  as  the 
cauAe  of  the  progress  of  the  reaction  ;  and,  indeed,  if  the  acid  be  soluble 
but  not  volatile,  or  if  the  reaction  takes  place  in  an  enclosed  space 
where  the  i-esulting  acid  cannot  volatilise,  or  at  the  ordinary  tempera- 
ture when  it  doe^  not  pass  into  an  elastic  state  of  vapour — then  the 
decoinpt>sition  does  not  proceed  to  the  end,  but  only  up  to  a  certain 
limit.  In  this  re.speot  the  ex[>lanatiotis  given  at  the  lieginning  of  this 
ceritiir}^  by  the  French  chemist  Berthollet  in  his  work  *  Essai  de  Statique 
Chimique/  are  very  important.  Th^  doctrine  of  BerthoUet  starts  from 
the  supposition  that  the  chemical  reaction  of  substances  is  accomplished 
in  consequeiice  not  only  of  the  measure  of  affinity  between  the  different 
parts,  but  also  under  the  influence  of  the  relative  masses  of  ^the  reacting 
substances  and  of  those  physical  conditions  under  which  the  reaction 
takes  place.  Two  substances  containing  the  elements  MX  and  NY, 
being  brought  into  mutual  contact^  form  by  double  decomposition  the 
compounds  MY  and  NX,  but  the  formation  of  these  two  new  compounds 
will  not  proceed  to  the  end  unless  one  of  the  resulting  substances  is 
i*emoved  from  the  sphere  of  action.  But  it  cjin  only  be  removed  if  it 
possesses  different  physical  properties  from  those  of  the  other  substances 
which  are  present  together  with  it.  Either  it  will  be  a  gas  while  the 
others  are  liquid  or  solid,  or  it  will  be  an  insoluble  solid  while  the  others 
are  liquid  or  soluble.  The  relative  amounts  of  the  resultant  substance 
def»end,  if  nothing  lie  sepanited  oat  froui  their  mutual  contact,  only  on 
the  relative  quantities  of  the  substances  MX  and  NY,  and  upon  the 
measure  of  attraction  existing  between  the  elements  M,  N,  X,  and  Y  ; 
l>ut  however  great  their  mass  may  Ije,  and  however  considerable  the 
attraction,  still  in  any  case,  if  nothing  be  separated  out  from  the  sphere 
of  action,  the  decomposition  will  cease,  a  state  of  equilibrium  will  be 
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estfiblished,  and  inBtead  of  two  there  will  remain  four  aubstiitices  in  the 
mass :  namely,  a  portion  of  the  original  bwlies  MX  and  NY,  and  a 
certain  quantity  of  tJie  newly-fomied  substances  MY  and  NX,  if  it  be 
admitted  that  neither  MN  nor  XY,  nor  any  other  substances,  are  pro- 
duced, which  may  for  the  present  ^^  be  admitted  in  the  case  of  the 
double  decomposition  of  salts,  for  which  M  and  N  are  metals  and  X 
and  Y  haloids.  As  the  ordinary  double  decomposition  consists  exclu- 
sively in  the  exchange  of  metals,  the  above  simplification  is  appUcable 
in  this  case.  The  sum  total  of  the  existing  data  concerning  the  double 
decomposition  of  salts  lejids  to  the  conclusion  that  from  salts  MX  +  NY 
there  always  proceeds  a  certain  quantity  of  NX  and  !MY,  as  it  should 
be  according  to  Berthol let's  doctrine,  A  portion  of  the  historical  data^ 
concerning  this  subject  will  be  afterwards  mentioned,  and  we  will  now 
proceed  to  point  out  the  observations  made  by  8priixg  (1888),  which 
show  til  at  even  m  a  mlid  state  salts  are  subject  to  a  similar  interchange 
of  metals  if  under  a  condition  of  su  fficiently  close  contact  {which  requires 
time»  a  tinoly-fbvided  state,  and  intimate  mixture).  Spring  took  two 
n on  hygroscopic  salts,  potassium  nitrate,  KNO3,  and  well-dried  sodium 
acetate,  CaH^NaO.^,  and  left  a  mixture  of  their  powders  for  several 
months  in  a  dcpiiccator.  An  interchange  of  raetals  took  place,  as  was  seen 
from  the  fact  that  the  resultant  mass  vigorously  attracted  the  moisture 
of  the  air  owdng  to  the  formation  of  sotlium  nitrate,  NaN03,  and 
potassium  acetate,  C-jH^KCj,  both  of  whic!j  are  highly  hygroscopic.*^* 

Whej)  Bertliollet  enunciated  his  doctrine  the  present  views  of  atoms 
and  molecules  had  yet  to  be  developed,  but  it  is  now  necessary  to  sub- 
mit the  examination  of  the  matter  to  these  conceptions,  and  we  will 
therefore  consider  the  re-action  of  salts,  taking  M  and  N,  X  and  Y  as 


'*  If  M  X  arui  N  Y  represent  tbe  raol^jculeB  of  two  mM%  ami  if  tliere  be  no  third 
9uh»innce  present  (nueh  hb  wiittr  iti  iv  tJututiDti),  the  foniiatiou  of  X  Y  WDultl  clIbo  l>e  pos- 
sible ;  for  inBtaiiee^  ryiuiogen,  iixline,  ilc,  are  eiipable  of  combining  widi  simple  haloids, 
tuid  witli  tbe  complex  groups  whicb  pltiy  thd  purt  of  haloidB  in  aalU,  Befiidea  which  the 
Bult»  MX  laid  NY  or  MY  with  NX  mny  form  double  t^tdte.  If  the  number  of  moltsdU^^ 
be  unequal,  or  if  the  vftleiit^yof  the'  elemeutH  eoiitaiiiud  be  different^  as  io  NaCl  +  H3a04» 
where  CI  ik  a  univoJanb  haloid  and  SO.j  m  bivalent,  Lbeii  the  matter  may  be  comphc«ted 
by  tlie  fortuation  of  other  compounds  beaiden  MY  and  NX,  and  when  a  solvent  p&rttci*- 
patvft  in  the  action,  anil  eapeci^lly  If  in  u  large  proixirtioii,  then  the  phenoraenft  must 
©yidently  Ixnonie  ntill  more  eomplex ;  and  thiH  \h  actually  the  caB«  id  rtnility.  Thorefoire 
in  placing  befon^  the  reader  a  tH^rtniii  ^JortioD  of  the  exiBting  store  of  matter  eoQccming 
the  phenomena  of  double  aahne  decomponitionK  I  cannot  etmeider  the  theory  of  the  sub- 
ject as  eomplete,  and  hare  therefore  limited  myiielf  to  a  few  datA»  the  completion  d  which 
must  be  looked  forj  without  losing  «iigbt  of  what  haa  been  wid  above,  in  more  detailed 
works  on  the  subject  of  theoretical  chuniistry. 

•**  Wlion  the  mixture  of  potassium  mtrate  and  »odium  acetate  was  heated  by  Sprtng^ 
feo  100°  it  waa  completely  ftiaed  into  one  maas,  although  potassium  nitrate  fuses  at  about 
540*^,  «xtd  BodJttm  nitrate  at  about  820°, 
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equivalent  to  each  other— that  is,  as  crtpablo  of  irplacing each  other*  ia 
toto/'  as  Na  or  K,  i  Ca  or  -^  Mg  (bivalent  eleinetits),  replace  hydrogen. 
And  as,  accorrling  to  Berihollet's  doctrine,  when  />iMX  of  one  salt 
comes  into  contact  with  ?tNY  of  another  salt  a  certain  quantity  j?MY 
and  a*NX  is  fonaed,  therefoi-e  there  remains  m— or  of  tiie  salt  MX,  and 
71  — a:  of  the  salt  NY,  If  m  be  greater  than  w,  and  the  mass  of  M  and 
N  and  X  and  Y  be  equivalent,  then  the  maximum  interchange  could 
lead  to  x^n,  whilst  from  the  salts  taken  there  would  ensue  wMY  + 
aNX-f  {711  — »}3IX — that  is,  a  portion  of  one  of  the  afilts  taken  would 
remain  unchanged  only  lr*ecause  the  reaction  could  only  proceed 
between  nMX  and  7iNY.  If  a?  were  actually  equal  to  **  or  0,  the  mass 
of  the  salt  MX  would  not  have  any  influence  on  the  modus  operandi  of 
the  reaction,  which  is  essentially  accordiug  to  the  teaching  of  Bergmaii, 
who  supposed  diiulile  reactions  ttj  he  independent  of  the  mass  but  deter- 
mined by  athnity  only.  If  M  had  more  affinity  to  X  than  to  Y,  and  N 
more  affinity  to  Y  than  to  X,  then,  according  to  Bergman,  there  would 
be  no  decomposition  whatever,  and  x  would  equal  0*  If  the  affinity 
of  M  to  Y  and  of  N  to  X  were  greater  than  in  the  original  grouping, 
then  the  affinities  of  M  for  X  and  of  N  for  Y  would  act,  and,  according 
to  Bergman**  doctrine,  complete  interchange  would  take  place — i.**.,  x 
would  equal  »,  According  to  Berth ol let's  teaching,  a  distribution  of 
M  and  K  between  X  and  Y  will  take  place  in  every  case,  not  only  in 
proportion  to  the  measure  of  affinity,  but  also  in  proportion  to  the  mass, 
so  that  with  a  small  affinity  and  a  large  mass  the  same  action  can  bo 
produced  as  with  a  large  affinity  and  a  small  mass.     Therefore,  (1)  x 

win  always  be  less  than  n  and  their  ratio  -  less  than  unity — that  is, 

n 

the  decomposition  will  be  expressed  by  the  e^^juation,  mMX-|-nNY=: 

(m— x)MX-|-(m— a!)NY-f  icMY  +  acNX  ;  (2)  by  increasing  the  mass  m 

we  increase  the  decomposition — that  is,  the  measure  of  j;  and  the  ratio 


— until  with  an  infinitely  large  quantity  m  the  fraction  -•  will 


and  the  fraction 


(«-*) 


be  infinite,  and  the  decomposition  will 


be  complete,  however  small  the  affinities  MY  and  NX  may  be  ;  and 
(3)  (if  m^n)  by  taking  MX  +  NY  or  MY-f  NX  we  arrive  at  one  and 
the  same  system  in  both  cwt^i  :  (71— :c)MX  +  (rt— a:)NY  +  x'MY'^  +  xNX. 
These  direct  consequences  of  BerthoUets  teaching  are  verified  in  reality. 
Tbu%  for  example,  a  mixture  of  the  solutions  of  sodium  nitrate  and 
potassium  chloride  in  all  cases  has  the  same  sum  of  properties  as  a 
mixture  composed  of  the  s<jlutions  of  potassium  nitrate  and  sodium 
chloride,  naturally  under  the  condition  of  the  mixed  solutions  being  of 
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identical  conijK)sitioii.     But  tliis  aimiUrity  of  properties  may  either] 
prot'eed  from  the  fact  that  one  system  of  salts  passes  into  the  other  (asl 
Bergman  professed),   in  conformity  with   tlie  predominatijig  afBoitiesJ 
(for  instance,  from  KCl  +  NaNOj  there  proceeds  KKO^H-XaCl,  if  it  be  I 
admitted  that  the  affinity  of  the  elements  of  the  latter  system  be  gi'eater  1 
than  in  the  former)  ;  or,  on  the  other  hand,  because  both  systems  by 
the  interchange  of  a  portion  of  their  elements  give  one  and  the  same 
state  of  equilibrium,  as  according  to  BerthoUet's  teachijig.    Experiment 
proves  the  latter.     But  before  citing  the  most  historically  iiupot*tanl 
experiments  verifying  BerthoMet's  doctrine,  we  must  .stop  to  consider  tbo^ 
conception  of  the  mass  of  the  reacting  substances,     Berthollet  by  moss 
understood  the  direct  relative  quantity  of  substances  ;  but  now  it  iai 
impossiV)le  to  understand  this  term  ot}jersvise  than  ns  the  number  ol^ 
molecnles,  for  they  act  as  chemical  units,  and  in  the  special  case  of  double 
saline  decompositions  it  is  better  to  take  the  number  of  equivalents- 
Thus  in  the  reaction  NaCl-l-H^fcsOi,  the  salt  is  taken  in  one  equivalent 
and  the  H,S04  in  two.     If  2NaCi  +  Hj80|  actj  then  the  number  of 
equivalents  are  equals  and  so  on.     The  influence  of  ttuissQw  the  measure 

of  decomposition  -  forms  the  root  of  Berthollet 's  doctrine,  and  there- 
n 

fore  we  will  first  of  all  turn  our  attention  to  the  establishment  of  tj 

conception  with  regard  to  the  double  decomposition  of  salts. 

About  1840  H.  Rose  showed  that  water  decomposes  metallic  sul* 

pbides  like  calcium  sulphide,   CaS,  forming  hydrogen  sulpliide,  H^S, 

notwithstanding  the  fact  that  the  affinity  of  hydrogen  sulphide,  as  &a 

acid  J  for  limcj  CaH._jOa,  as  a  base,  causers  tliem  to  react  on  each  otherj 

forming  calcium  sulpliide  and  water,  Ca8-h2H.^O.     Furthermore,  Hose 

showed  that  the  greater  the  amount  of  water  acting  on  the  ealcttnu 

sulphide,  the  more  complete  is  the  decomposition.     The  results  of  this 

reaction  are  evident  from  the  fact  that  the  hydrogen  sulphide  formed 

may  be  expelled  from  the  solution  by  heating,  and  that  the  i-esultin; 

lime  is  sparingly  soluble  in  water.     Rose  clearly  saw  from  this  th 

such  feeble  agents,  in  a  chemical  sense,  as  carbonic  anhydride  am 

w^ater,  by  acting  in  a  mass  and   for  long  periods  tif  time  in  nature  o 

the  durable  rocks,  which  resist  the  action  of  the  most  powerful  acitli 

are  able  to  bring  about  chemical  change— to  extract,  for  example,  from 

rocks  the  bases,  lime^  soda,  potash.     The  influence  of  the  mass  of  water 

on  antimonious  chloride,  bismuth  nitrate,  tfcc,  is  essentially  of  the  same' 

character.     These  substances  give  up  to  the  water  a  mass  of  acid  which 

is  greater  according  as  the  mass  of  the  water  acting  on  them  is  greater. 

**  Historically  Ih**  influence'  of  the  znibBs  of  water  wasj  the  firyt  well-obfterred  phung 
meiion  in  support  of  Bertliollet*ii  tea4ihing,  Had  it  ahoulcl  uot  now  be  forgotten.   In  tloubli 
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Barium  sulphate,  BaSO^,,  which  is  insoluble  in  water,  when  fused 
with  socliiuB  carbonate,  Na^Cr)^,  givesj  bwt  not  completely,  barium 
carbonate,  BaCO,  (also  insoluble),  and  sodium  sulphate,  Na^SO^.  Ifn 
solution  of  sodium  carbonate  acts  on  precipibited  barium  sulphate,  then 
the  same  decomposition  is  also  accomplished  (Dulong,  Bose),  but  it  is 
restricted  by  a  limit  and  requires  time.  A  mixture  of  sodium  carl>onate 
and  sulphate  is  obtained  in  the  solution  and  a  mixture  of  barium  carbo* 
nate  and  sulphate  in  the  precipitate.  If  the  S4jlution  be  decanted  off  and 
a  fresh  solution  of  sodium  carbonate  be  poured  over  the  precipitate,  then 
a  fresh  portion  of  the  barium  sulphate  passes  into  barium  carbonate, 
and  no  by  increasing  the  mass  of  sotUum  carbonate  it  is  possible  to 
entirely  convert  the  barium  sulphate  into  barium  carbonate.  If  a 
delinite  (juantity  of  sodium  sulphate  be  added  Ui  the  solution  of  sodium 
carbonate,  then  the  sotlium  carbonate  will  have  no  action  whatever 
on  the  Imrium  sulphate,  because  then  an  equilibrated  system,  deter- 
mined by  the  reverse  action  of  the  sodium  sulphate  on  the  barium 
carbonate  and  by  the  presence  of  the  sodium  carbonate  and  sulphate  in 
the  solution,  is  at  once  arrived  at.  On  the  other  hand,  if  the  mass  of 
the  sodium  sulphate  in  the  solution  be  great,  then  the  barium  carbonate 
is  reconverted  into  sulphate  until  a  definite  state  of  ef|uilibrium  is 
attained  between  the  reverse  reactions,  producing  the  Imrium  carbonate 
by  the  aid  of  the  sodium  carlK>nate  or  the  barium  sulphate  by  the  aid 
of  the  sodium  sulphate. 

Another  most  important  conception  of  Berthollet^s  teaching  consista 
in  the  existence  of  a  limit  oj  exchange  decomp09%ii4)n,  or  in  ike  attain- 
ment of  a  Htfite  of  fquifibrinm.  In  tliis  respect  the  determinations  of 
Malaguti  (1857)  are  historically  the  most  important.  He  took  a 
mixture  of  the  solutions  of  ei]uivalent  quantities  of  two  salts  MX  and 
NY,  and  judged  the  amount  of  the  resulting  exchange  from  the 
composition  of  the  precipitate  produced  by  the  addition  of  alcohoh 
When,  for  example,  zinc  sulphate  and  sodium  chloride  (ZnSO^  and 
2NaCl)  were  taken,  then  there  were  pnjduced  by  exchange  sodium 
sulphate  and  zinc  chloride.  A  mixture  of  zinc  sulphate  and  sodium 
sulphate  was  pi"^cipitated  by  an  excess  of  alcohol,  and  it  appeared  from 
the  composition  of  the  precipitate  that  72  per  cent,  of  the  salts  taken 
had    been  decomposed.      When,  however,  a  mixture  of  solutions  of 


decompositioDA  taking  place  m  dilute  solntioas  where  the  nuiss  of  water  ia  burge,  i^  in- 
Unence,  notwithi>iandiiig  the  weaknotis  ul  AffinitieRi  muat  he  grvAt^  tLccoiding  to  the  very 
spirit  of  BerthoUei'n  doctritic*. 

As  explainmg  the  action  ol  the  mafia  of  water,  the  experinienis  of  Pattiaon  Muir  (1B79) 
are  very  mHinietive,  Those  experiinentH  demonatrate  thai  bi«>niiiUi  chloride  ia  decosa- 
poeed  the  more  the  greater  the  relative  quantit;  of  water^  and  the  less  the  maaaof  hydro> 
<;hloric  add  fomung  one  of  the  prodiicla  of  the  re&ctiou. 
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sodium  sulphate  and  zinc  chloride  were   taken,   the  precipitate  pre-  I 
sented  the  same  composition  as  before — that  is,  about  28  per  cent,  of  the-] 
salts  taken  hacj  been  aulyected  to  decomposition.     In  a  similar  experi— I 
ment  with   a  mixture  of   sixliuiii  chloride  and  magnesium  Buiphate^^J 
2NaCl  +  Mg80|,  about  half  of  the  metals  were  subjected  to  decompo-  I 
sition,  which   may  be  expressed  by  the  equation  4NaClH-2MgS04^ 
2NaCl  +  MgSO^-fNa,SO^  +  MgCl^=2Ka,80^4-i2MgCli*      A    no  less, 
clear  limit  expressed  itself  in  other  of  Malaguti*s  researches  when  he 
investigated  the  alio ve- mentioned  reversihle  reactions  of  the  insoluble* 
salts  of  banum*     When,  for  example,  barium  carbonate  and  sodium  ' 
sulphate  (BaCOj  +  KajSO^)  were  taken,  then  about  72  per  cent,  of  the 
salts  wei-e  deeom posed,  that  is,  were  converted  into  barium  sulphate  , 
and  sodium  carbonate.     But  when  the  two  latter  salts  were  taken^.  I 
then   about    1 9    per  cent,  of  the  salts   passed  into  barium  carbonate  ] 
and  sodium   sulphate.     Probably   the   end  of   the   reaction    was  not 
reached  in  either  case,  because  this  would  require  a  great  time  and  n. 
dithcultly  attainable  uniformity  of  conditions. 

Gladstone  (1855)    took   advantage   of   the   colour   of    solutions    of 
dillerent  fen-ic  salts  for  determining  the  measure  of  exchange  between  j 
metals.      Thus   a  solution  of  ferric  thiocyanate  has   an   exceetlingly  1 
intense  red  colour,  and  by  making  a  comparison  between  the  colour  of  j 
the  resulting  solutions  and  the  colour  of  solutions  of  known  strength*  I 
it   was   possible    to  judge   to  a    certtiin   degree  the   quantity   of  the  I 
thiocyanate  fnrmed.     This  colorimetric  iiiethotl  of  determination  has  ' 
an  important  significance  as  being  the  first  in  which  a  method  was  ap- 
plies 1  for  determining  the  composition  of  a  solution  without  the  removal.  , 
of  any  of  its  component  parts.    When  Gladstone  took  equivalent  quanti-  j 
ties  of  ferric  nitrate  and  potassium  thiocyanate — Fe(N03)3  +  3KCN8'  j 
—  then  only  13  per  cent,  of  the  salts  were  subjected  to  decomposition.  J 
On  increasing  the  mass  of  the  latter  salt  the  quantity  of  ferric  thicH  I 
cyanate  formed  increased,  but  even  when  more  than  300  equivalents  of  ] 
potassium  thiocyanate  were  taken  a  portion  of  the  iron  still  remained   1 
as  nitrate.     It  is  evident  that  the  affinity  acting  between   Fe   and 
NO3  and  between  K  and  CKS  on  the  one  hand   is  greater  tlian  the- 
affinities  acting  between  Fe  and  CN»S,  together  with  the  affinity  of  K 
for  NO 3,  on  the  other  hand.     The  investigation  of  the  variation  of 
the  tluorescence  of  quinine  sulphate,  as  well  as  the  variation  of  the 
rotation  of  the  plane  of  polarisation  of  nicotine,  gave  in  the  hands  ot 
Gladstone    many  proofs  of  the    entire   applicability    of    Berthollet's-  1 
doctrine  J  and  in  particular  demonstrated  the  influence  of  mass  whicb 
forms  the  chief  distinctive  feature  of  the,  in  his  time,  but  little  appre- 
ciated teaching  of  Beilhollet, 


SODICM   CHLORIDE— BERTH0LLET8  L.nV.S 


429 


At  the  beginning  of  the  year  1860,  the  dtjctrine  of  the  liniit  of 
reaction  and  of  the  iafluence  of  mass  on  tha  process  of  elieinical  trans- 
fornmtions  received  a  very  important  support  in  the  reaearche«  of 
Berthelot  and  P,  de  Saint-Gil!es  on  the  fornmtion  of  the  ethereal  salts 
KX  from  the  alcohols  ROH  and  acids  HX,  when  water  is  also  formed. 
This  conversion  is  essentially  very  similar  to  the  formation  of  salts,  but 
differs  in  that  it  proceeds  slowly  at  the  oniinary  t^m]x>rature,  extend- 
ing over  whole  years  and  is  not  complete — that  is,  it  has  a  distinct 
liniit  determined  by  a  reverse  reaction  ;  thus  an  ethereal  salt  KX  with 
•water  gives  an  alcohol  ROH  and  an  acid  HX — up  to  that  limit 
generally  corresponding  witli  two  thirds  of  the  alcohol  taken,  if  the 
action  proceed  between  molecular  quantities  of  alcohol  and  acid*  Thus 
common  alcohol,  CjH^OH,  with  acetic  acid,  HC^H^O^,  gives  the  follow- 
ing syst^em  rapidly  when  heated,  or  slowly  at  the  oitiinary  tempeniture, 
ROH +  HX  +  2RXH-2H./),  whether  we  start  from  3RHO-I-3HX  or 
from  3RX  +  3H2O.  The  process  and  completion  of  the  reaction  m  the 
aljove- described  instance  are  very  easily  observed,  because  the  i^uantity 
of  free  acid  is  easily  determined  from  the  amount  of  alkali  requisite  for 
its  saturation,  as  neither  alcohol  nor  ethereal  salt  acts  on  litmus  and 
•other  reagents  for  acida.  Under  the  influence  of  an  increased  mass 
of  alcohol  tiie  reaction  proceeds  further.  If  two  molecules  of 
alcohol,  RHO,  be  taken  for  every  one  raoleciileof  acetic  acid,  HX,  then 
instead  of  66  p,c.,  85  p.c.  of  the  acid  passes  into  ethereal  salt,  and 
with  fifty  molecules  of  RHO  nearly  aU  the  acid  is  etherised.  The 
researches  of  Menschutkin  in  their  details  touched  on  many  essentia! 
aspects  of  the  jmme  subject,  such  as  the  influences  of  the  composition 
of  the  alcohol  and  acid  on  the  Hmit  and  rate  of  exchange — but  these,  as 
well  as  otiier  details,  must  be  looketl  for  in  special  treatises  on  organic 
and  theoretical  chemistry.  In  any  case  the  study  of  etheritication 
supplied  chemical  mechanics  with  clear  and  valuable  data,  which  directly 
confirm  the  two  fundamental  propositions  of  llerthollet  :  the  influence 
4>f  mass,  and  the  limit  of  reaction — that  is,  the  equilibrium  between 
4>pposite  reactions.  The  study  of  numerous  instances  of  dissociation 
which  we  have  already  touched  on,  anil  which  we  shaU  yet  meet  with 
4m  several  occasions,  gave  the  same  results.  With  respect  to  double 
saline  decompositions^  it  is  necessary  to  further  mention  the  researches 
of  Wiedemann  on  the  decomposing  action  of  the  mass  of  water  on  the 
ferric  salts,  which  could  be  judged  of  by  measuring  the  magnetism 
of  the  solutions,  because  the  ferric  oxide  (soluble  colloid)  set  free  by 
the  water  is  less  magnetic  than  the  ferric  salts. 

A  very  important  epoch  in  the  history  of  BerthoUet's  doctrine  was 
attained  when,  in  1867,  the  Norwegian  chemists,  Guld berg  and  Waage, 
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submitted  it  to  an  algebraical  fonnula.  They  called  the  active  ma 
the  iiumljer  of  molecules  ocournng  in  a  given  volume,  and  allowed,  ba 
follows  from  the  spirit  of  BerthoUets  teaching,  that  the  action  be- 
tween the  suli stances  was  equtd  to  the  produet  of  the  masses  of  the 
reacting  substances.  Hence  if  the  salts  MX  and  NY  be  t^ken  in 
equivalent  quantities  (m=l  and  n=l)  and  the  salts  MY  and  NX  are 
nat  added  to  the  mixture  but  proceed  from  it,  then  if  k  represent  the 
coefficient  of  tlie  ratio  of  the  action  of  ^IX  on  XY  Mnd  if  k'  represent 
the  same  coelticient  for  the  pair  IM  Y  and  XX,  then  we  shall  have  at  the 
nioraent  when  the  decomposition  equals  x  a  measure  of  action  for  the 
tirst  pair  :  X^  (1  —  .r)  (1  —  J^)  and  for  the  second  pair  k'xx^  and  a  state  of 
equilibrium  or  limit  will  be  re«iched  when  k  (l—.r)^==k'x^^  whence  the 
ratio  kjk'=^[x  (I  ^-t*)]^.  Therefore  in  the  case  of  the  action  of  alcohol 
on  an  acid,  when  .'"=^§  the  magnitude,  ^'7*' ^4,  that  is,  the  I'eaction  of 
alcohol  on  the  acid  iri  four  times  greater  than  that  of  the  ethereal  salt 
on  water.  If  the  ratio  Irjk*  be  known ,  then  ths  hiflttence  ofmcus  niay 
be  eamh/  defer ftiinf*d  from  it.  Thus  if  instead  of  one  molecule  of 
alci>hol  two  be  taken,  then  the  equation  will  be  ki2—x)  {\^.r)  —  k\r3c^ 
whence  ,v^O'Sr)  or  85  px*,  which  is  close  to  the  result  of  experiment. 
If  300  molecules  of  alcohol  be  taken,  then  x  proves  to  be  approximately 
100  p.c,  which  is  also  found  to  be  the  case  by  experiment.''*" 

But  it  is  imptis-sible  to  subject  the  formation  of  salts  to  any  process 
diiectly  analogous  to  tliat  which  is  so  conveniently  effected  in  etheriti- 
cation.  Many  efforts  have,  however,  been  made  to  solve  the  problem 
of  the  measure  of  reaction  in  this  c;ise  also.  Thus,  for  example, 
Kliichinsky  (1666),  Petrieff  (1885),  and  many  others  investigated  the 
distribution  of  metals  and  haloid  groups  in  the  case  of  one  metal  and 
several  haloids  taken  in  excess,  as  acids  ;  or  conversely  with  an  excess  of 
bases,  the  distribution  of  these  b^vses  with  relation  to  an  acid  ;  in  ca^es 
where  a  portion  of  the  ^bstances  forms  a  precipitjite  and  a  portion  occurs 
in  solution.  But  such  complex  cases,  although  they  in  general  confirm 
BerthoUet's  teaching  (for  inst^uice.  a  solution  i»f  silver  nitrate  gi'ves  a 
portion  of  silver  oxide  with  lead  oxide,  and  a  stilution  of  nitrate  of  leail 
precipitates  a  jvortion  of  lead  oxide  under  the  action  of  silver  oxide,  as 
Petrieff  demunstratetl),  still,  owing  to  the  complexity  of  the  phenomena 
(for  instance,  the  formation  of  l>asic  and  double  salts),  they  cannot  give 


*"  From  the  above  it  folio w<3.  that  an  eicoefiB  of  iM*id  »boald  influence  the  reaction  Ukv 
(Ml  exc«a8  of  nleohi*!.  If  two  molt5culeft  of  acetic  acid  Im  taken  to  one  molecule  ot  Ali>ohoL 
then  it  in  indeed  i*hnwn  by  experiment  that  84  p.c.  of  alcohol  i»  etherified.  I^  with  • 
large  preponderance  of  acid  nr  of  alcohol  certain  didcrepancies  are  obsc^rred,  then  their 
c&use  mniit  be  looked  for  in  tinj  incompleto  roHemhlauee  ol  the  conditions  and  outside 
influenc«tt. 
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fiimple  results.  But  much  more  instructive  und  complete  are  reaearcbes 
similar  to  those  made  by  Pattisoii  Muir  (1876),  who  took  the  simple 
case  of  the  precipitfitioii  of  calcium  cfirl^cmate,  CaOOg,  hy  the  mixture  of 
solutions  of  culcium  chloride*  and  sodium  or  potassium  carbonate,  and 
found  in  this  case  that  not  only  was  the  rate  of  action  (for  example,  in 
tht*  case  of  CaCla  +  N^a^^COa,  75  per  cent,  of  CnCOj  was  precipitated 
in  tive  minutes,  8r>  p*?r  cent,  in  thirty  minutes,  and  94  in  two 
days)  determined  by  the  temperature,  relative  mass,  and  amount  of 
water  (the  mass  of  water  decreases  the  rate  and  limit),  but  that  the 
limit  of  decomposition  was  also  dependent  on  these  ijitiuenc^es.  How- 
ever,  even  in  re^searches  of  this  kind  the  conditions  of  reaction  are 
complicated  by  the  non -uniformity  of  tlie  media,  inasmuch  as  a  portion 
of  the  sulistance  is  obtained  or  remains  in  the  precipitfite,  so  that  the 
system  is  heterogf^netms.  The  investigation  of  double  saline  decompo- 
sitions offers  many  ditliculties,  which  cannot  be  considered  as  yet 
entii'ely  overcome,  Many  efforts  have,  however,  long  since  been  made. 
In  virtue  of  tbt^ir  historical  interest,  I  will  cite  two  of  these  efforts, 
which  are  due  to  Tliomsen  (1S69)  and  Ostwald  (1876), 

Thorn  sen  applied  a  thenno-chemical  method  to  exceedingly  dilute 
solutions  withitut  taking  the  water  ijito  further  consideration.  He 
Utok  solutions  containing  IOOH.,0  per  NaHi*,  ami  sulphuric  acid  con- 
taining IH^fSO^+lOOHaO.  If  these  solutions  bo  mixed  in  such 
proportions  that  atomic  proportions  of  acid  and  alkali  would  act»  then 
for  forty  griuns  iif  caustic  so«la  {which  answers  to  its  equivalent) 
there  should  be  employed  49  grams  of  sulphuric  acid,  and  then 
+  15689  heat  units  would  be  evolved.  If  the  normal  sodium  sylpbate 
so  formed  1>e  mixed  with  n  equivalents  of  sulphuric  acid,  then  a  certain 

W.1650 
amount  of  lieat  is  absorbed,  namely  a  quantity  equal  to  /^a.c;\  beat 

units.  An  equivalent  of  caustic  soda,  in  combining  with  an  equivalent 
of  nitric  acid,  eAohes  + 13617  units  of  beat,  and  the  augmentation  of 
the  amount  of  nitric  acid  entails  an  absorption  of  heat  for  each  e<|uiva- 
lent  equal  to  —27  units  ;  so  also  in  comV>ining  with  hydrochloric  acids 
H- 13740  heat  units  are  absorb€?d,  and  for  each  equivalent  of  hydro- 
chloric acid  beyond  this  auiount  there  are  absorbed  32  heat  units. 
Thus  sulfthuric  acid  evolves  a  gomewhat  greater  quantity  of  heat  than 
nitric  and  liydrochloric  acids  ;  the  difference  being  approximately  equal 
to  2000  heat  units  per  e<]uivalent  of  caustic  soda.  From  this  it  might 
be  conckided  that  nitric  acid  or  hydrochloric  acid  would  not  act  on 
sodium  sulphate.  In  reality,  Tbomsen  found  this  not  to  be  the  case. 
Nitric  and  hydrochloric  acids  decompose  sodium  sulphate  to  a  much 
more    considerable  extent  than   sulphuric    acid    decomposes   sodium 
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chloride  or  sodium   nitrate.     The  following  are  the  data  from  which 
Thomsen  deduced  this  conclusion.     He  mixed  any  one  of  these  threol 
neutral  salts  with  an  iicld  which  is  not  contained  in  it ;  for  inst-ance,  ha 
mixed  a  solution  of  sodium  sulphate  with  a  sohition  of  nitric  acid  anifl 
-determined  the  number  of  heat  units  then  absorljed.     An  aljsor-ption  of 
heat  ensued  l>ecause  a  normal  salt  was  taken  in  the  first  instance,  and 
the  mixture  of  all  the  above  normal  salts  with  acid  produced  an  ahsorp* 
tion  uf  heat.     The  amount  of  heat  absorbed  enabled  him  to  obtain  an 
insight  into  the  process  taking  place  in  this  intermixture,  for  sulphuric 
acid  added  to  sodium  sulphate  absorbs  a  considerable  quantity  of  heat, 
whilst  hydrochloric  and  id  trie  acids  absorb  a  very  small  amount  of  heat 
in  this  case.     By  mixing  an  equivalent  of  sodium  sulphate  with  various 
numl>er8  of  equivalents  of  nitric  acid  Thomsen  observed   that    th 
amount  of  he^it  absorbed  increases  more  and  more  as  the  amount 
nitric  ackl  was  increased ;  thus  when  HXO;i  was  taken  per  ^XajSO^ 
1752  heat  units  were  absorbed  per  equivalent  of  soda  contained  in  thfl 
sodium  sulphate.     When  twice  as  much  nitric  acid  was  taken  202fl 
lieat  units,  and  when  three  times  as  much  2050  heat  units  were  abJ 
sorbed.     Had  the  double  decomposition  be^n  complete  in  this  case  when 
one  equivalent  of  nitric  acid  was  tjiken^  then  the  heat  evolved  would 
be  determined  by  the  sum  of  13617  — 15689— 1650/ 1'8,  or  woald  equ£ 
—  2989  heat  units^  if  it  be  admitted  that  sulpbunc  acid  when  raixe 
-with   NaNOg  absorbs  as  much  heat  as  when  mixed  with   ^Nai^SO^ 
But  as  in  reality  only  1752  heat  units  were  absorbed  instead  of  298S 
units,  therefore  a  displacement  of  only  about  two- thirds  of  the  sulphur 
acid    had   tiiken    place — that    is,    the    niiht   k  :    k'    for   the   reaction 
ZNa.jSO^  +  HNOg  and  NaNO^+^H.^SO^  is  equal,  as  for  ethereal  salt 
to  4.     By  taking  this   figure  and  admitting  the  abnve   supposition,^ 
Thomsen  found  that  for  all  mixtures  of  sodium  with  nitric  acid,  and  of 
sijdium  nitrate   with  sulphuric  acid,  the  amounts   of    heat    foil  owe 
Uuldberg  and  Waages  law  ;  that  is,  the  limit  of  decomposition  reached 
was  greater  the  greater  the  mass  of  acid  added.     The  i-elation  of  hydi\)-| 
chloric  tu   sulphuric   acid   gave  the    same  results.      Thus  on  mixing 
iNa.^S04  with  HCl,  the  thermal  result  of  experiment  was  — 16t*2,  andll 
hy  calculation  —  1690  ;  when  mixed  with  2HC1  the  experimental  resuUi 
^'as  — 1878  and  hy  calculatioji  — 1870,,  with  4HC1  the  result  of  experi- 
ment was -1896  and  by  calculation  — 1917.     Whco  NaClH- JH.^SO^ 
taken,  then  experiment  showed  an  evolution  of  +244  heat  units,  whilst 
from  calculation  it  should  have  been  +257  heat  units;  on  doubling 
the  quantity  of  acid  experinieot  gave  +336   and  calculation    +292» 
The  slight  differences  betw^een  the  results  obtained  by  experiment  and 
calculation  are  due  to  the  unavoidable  errors  of  calorimetric  determi- 
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nations.       Therefore  the   researches   of  Thomseii   fully   confirm    the 
hypotheses  of  Guklberg  and  Waage  and  the  doctrine  of  Berthollet.^^ 

-^  Tlioinsen  concludes  liis  investigation  with  the  words :  (a)  '  When  equivalent 
quantities  of  NaHOjHNGs  (or  HCl)  and  iH.jS04  react  on  one  another  in  an  aqueous  solu- 
tion, then  two-thirds  of  the  soda  combines  with  the  nitric  and  one-third  with  the  sulphuric 
acid ;  (b)  this  subdivision  repeats  itself,  whether  the  soda  be  taken  combined  with  nitric 
or  witli  sulphuric  acid ;  (c)  and  therefore  nitric  acid  has  double  the  tendency  to  combine 
with  the  base  that  sulphuric  acid  has,  and  therefore  in  the  wet  way  it  is  a  stronger  acid 
than  the  latter.' 

'  It  is  therefore  necessarj*,'   Thomsen  aften^ards  remarks,  '  to   have   an  expression 
indicating  the  tendency  of  an  acid  for  the  saturation  of  bases.     This  idea  cannot  be 
expressed  by  the  word  affi.nity,  because  by  this  term  is  most  often  understood  that  force 
which  it  is  necessary  to  overcome  in  order  to  decompose  a  substance  into  its  component 
parts.    This  force  should  therefore  be  measured  by  the  amount  of  work  or  heat  employed 
for  the  decomposition  of  the  substance.     The  above-mentioned  phenomenon  is  of  aii 
entirely  different  nature,'  and  Thomsen  introduces  the  term  avidity,  by  which  he  desig- 
nates the  tendency  of  acids  for  neutnilisation.     *  Therefore  the  avidity  of  nitric  acid  vrith 
respect  to  soda  is  twice  as  great  as  the  avidity  of  sulphuric  acid.     An  exactly  similar 
result  is  obtained  with  hydrochloric  acid,  so  that  its  avidity  with  respect  to  soda  is  also 
double  the  avidity  of  sulphuric  acid.     Exi)eriments  conducted  with  other  acids  showed 
that  not  one  of  the  acids  investigated  had  so  great  an  avidity  as  nitric  acid ;  some  had  a 
greater  avidity  than  sulphuric  acid,  others  less,  and  in  some  instances  the  avidity  =  0.* 
The  reader  will  naturally  clearly  see  that  the  p»Uh  cliosen  by  Thomsen  deserves  being 
worked  out,  because  his  results  concern  important  questions  of  chemistry,  but  great  faith 
cannot  be  placed  in  the  deductions  as  yet  arrived  at  by  Thomsen,  Iwcause  great  com- 
plexity of  relations  is  to  be  seen  in  the  very  method  of  his  investigation.     It  is  especially 
important  to  turn  attention  to  the  fact  that  all  the  reactions  investigated  are  reactions 
of  double  decomposition.     In  them  A  and  B  do  not  combine  with  C  and  distribute  them- 
selves according  to  their  affinity  or  avidity  for  combination,  but  reversible  reactions  are 
induced.   MX  and  NY  give  MY  and  NX,  and  conversely  ;  therefore,  the  affinity  or  avidity 
for  combination  is  not  here  directly  detennined,  but  only  the  difference  or  relation  of  the 
affinities  or  avidities.     The  affinity  of  nitric  acid  not  only  for  the  water  of  constitution, 
but  also  for  that  serving  for  solution,  is  much  less  than  that  of  sulphuric  acid.     This  is 
seen  from  thermal  data.     The  reaction  N.iOs  +  H.^.O  gives   +8000  heat  units,  and  the 
solution  of  the  resultant  hydrate,  2NHO3,  in  a  large  excess  of  water  evolves  -J- 14986  heat 
units.     The  formation   of  SOs  +  HjO  evolves  +21308  heat  units,  and  the  solution  of 
H.fS04  in  an  excess  of  water  178(>0 — that  is,  sulphuric  acid  gives  more  heat  in  both  cases. 
The  interchange  between  Na-^SO^  and  2HNO3  is  not  only  accomplished  at  the  expense  of 
the  production  of  NaNGs,  but  also  at  the  expense  of  the  formation  of  H.2SO1,  hence  the 
affinity  of  sulphuric  acid  for  water  plays  its  part  in  the  phenomena  of  displacement. 
Therefore  in  determinations  like  those  made  by  Thomsen  the  water  does  not  form  a 
medium  wliicli  is  present  without  participating  in  the  process,  but  surely  plays  its  own 
part.     No  less  essential  is  the  circumstance  that  sodium  sulphate  is  able  to  combine  with 
an  excess  of  sulphuric  »vcid  to  form  the  acid  s*ilt,  whilst  tlie  salts  of  nitric  and  hydrochloric 
acids  do  not  liave  this  property.     But  with  that  methwl  of  interpretation  of  (luldberg 
•and  Wiuige's  deduction  which  is  given  in  the  text,  the  adaptability  of  their  formula  to 
the  phenomena  observed  by  Thomsen  may  be  expected,  notwithstiinding  these  incidental 
actions,  although  the  idea  of  the  relative  tendencies  of  acids  for  combining  with  alkalis 
cannot  be  deduced  from  the  coincidence  of  the  results  of  experiment  with  those  of  calcu- 
lation.    If  sodium  oxide  (Na^O)  were  brought  into  cont»ict  with  sulphuric  anhydride  and 
nitric  anhydride  (SO3  and  N^G:,)  the  distribution  would  probably  be  different,  and  even  if 
stronger  solutions  than  those  employed  by  Thomsen  were  taken  perhaps  the  result  would 
be  different,  more  esi)ecially  judging  from  what  is  said  in  the  following  note.     (Compare 
also  Chapter  IX.  Note  14.) 
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Whilst  retaining  essentially  the  methods  of  Thomsen,  Ostwald 
determined  the  variation  of  the  sp.  gr.  (and  afterwards  of  volume)  pro- 
ceeding in  the  same  dilute  solutions,  on  the  saturation  of  acids  by 
bases,  and  in  the  decomposition  of  the  salts  of  one  acid  by  the  other, 
and  arrived  at  conclusions  of  just  the  same  nature  as  Thomsen  did. 
Ostwald*s  method  will  be  clearly  understood  from  an  example.  A 
solution  of  caustic  soda,  containing  an  almost  molecular  (40  grams) 
weight  per  litre,  had  a  specific  gravity  of  1-04051.  The  specific  gravities 
of  solutions  of  equal  volume  and  equivalent  composition  of  sulphuric  and 
nitric  acids  were  1-02970  and  1-03084  respectively.  On  mixing  the 
solutions  of  NaHO  and  H2SO4  there  was  formed  a  solution  of  Na2S04 
of  sp.  gr.  1*02959  ;  hence  there  ensued  a  decrease  of  specific  gravity 
which  we  will  term  Q,  equal  to  1*04051  + 1-02970— 2(1  •02959)=0-01 103. 
So  also  the  specific  gravity  after  mixture  of  the  solutions  of  NaHO 
and  HNO3  was  1  02633,  and  therefore  Q=0-01869.  When  one 
volume  of  the  solution  of  nitric  acid  was  added  to  two  volumes  of  the 
solution  of  sodium  sulphate,  a  solution  of  sp.  gr.  1*02781  was  obtained, 
and  therefore  the  resultant  decrease  of  sp.  gr. 

Qi=2(102959)  +  1*03084-3(1-02781)=0*00659. 

Had  there  been  no  chemical  reaction  between  the  salts,  then  according 
to  Ostwald's  reasoning  the  specific  gravity  of  the  solutions  would  not 
have  changed,  and  if  the  nitric  acid  had  displaced  the  sulphuric  acid  Q.> 
would  be=0-01869-0-01103=0-00766.  It  is  evident  that  a  portion 
of  the  sulphuric  acid  was  displaced  by  the  nitric  aoid.  But  the 
measure  of  displacement  is  not  equal  to  the  ratio  between  Q,  and  Q.^, 
because  a  decrease  of  sp.  gr.  also  occurs  on  mixing  the  solution  of  sodium 
sulphate  with  sulphuric  acid,  whilst  the  mixing  of  the  solutions  of 
sodium  nitrate  and  nitric  acid  only  produces  a  slight  variation  of  sp.  gr. 
which  falls  within  the  limits  of  error  of  experiment.  Ostwald  deduces, 
from  similar  data  the  same  conclusions  as  Thomsen,  and  thus  re- 
confinns  the  formula  deduced  by  Guld)>erg  and  Waage,  and  the  teach- 
ing of  Berthollet.2^ 

*^  The  i)articipation  of  water  is  seen  still  more  clearly  in  the  methods  adopted  l>y 
Ostwald  than  in  those  of  Thomsen,  because  in  the  saturation  of  solutions  of  acids  by 
alkalis  (which  Kremers,  Reinhold,  and  others  had  previously  studied)  there  is  observed* 
not  a  contraction,  as  might  have  been  exjiected  from  the  (juantity  of  heat  which  is  then 
evolved,  but  an  expansion,  of  volume  (a  decrease  of  specific  gravity,  if  we  calculate* as 
Ostwald  did  in  his  first  investigations).  Thus  by  mixing  11  HO  grams  of  a  solution  of 
sulphuric  acid  of  the  composition  SO--f  IOOH...O,  occupying  a  volume  of  1«15  c.c,  with  a 
corresponding  quantity  of  a  solution  2(NaH0  +  r)H.;0),  whose  volume  -  171*8  c.c..  we 
obtain  not  SOOH  but  808?)  c.c,  an  expansion  of  'i.'i  c.c.  per  gram  moh'cule  of  the  resulting 
salt,  Na^RO,.  It  is  the  same  in  other  cases.  Nitric  and  hydrochloric  acids  give  a  still 
greater  expansion  than  sulphuric  acid,  and  i  otassium  hydroxide  than  sodium  hydroxide. 
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The  majority  of  the  above-mentioned  resefirclies  were  carried  on  in 
at|ueous  solutions,  and  as  water  is  itself  a  saline  coui pound,  and  is 
able  to  combine  with  salts  and  enter  into  double  decomposition  with 
them,  such  reactions  takin*;^  place  in  solutions  in  reality  present  very 
coiiiplex  cases.  In  this  sense  the  reaction  !>et\veen  alcohols  and  acids 
is  much  oiore  simple,  and  therefore  its  signi6cance  ia  contirmation 
of  Berthollet's  doctrine  is  of  particular  importance.  The  only  cases 
which  can  l>e  compared  with  these  reactions  from  their  siu^plicity  are 
those  exchange  decompnsiti*»ns  investitjated  by  G,  Ci.  Oustavsoti,  and 
which  take  place  between  CCl,  and  RBr„  on  the  one  hand  and  QBv^ 
and  RC1„  on  the  the  other.  This  case  is  convenient  for  investigation 
ill  the  sense  that  the  RCl,,  and  RBi\,  taken  beli>ng  (like  BCl^.  SiCl|, 
TiCl|,  POCl^^  and  SnCl^)  to  the  number  of  substances  which  are  de- 
composed by  w^ater,  whilst  CCl^  and  CBrj  are  not  decomposed  by 
water  ;  and  tlierefore,  by  heating,  for  instance,  a  mixture  CCl, +  !SiBr| 
it  is  possible  to  arrive  at  a  conclusion  as  to  tlie  amount  of  interehimge 
by  treating  the  prcKluct  with  w^ater,  which  decomp^ises  the  SiBri  left 
unchanged  and  the  SiClj  formed  by  the  exchange,  and  therefore 
by  determining  the  composition  of  the  prwluct  acted  on  by  the  water 
it  is  possible  to  form  a  conclusion  as  to  the  amount  of  decoinpositiom 

wliilBt  A  Aolutiou  of  Miuuioiua  gi%'e«i  a  contraction.  The  relation  to  water  mii»t  be  counidered 
HA  the  CAUMe  of  tbe»e  plieuomena^  When  Afxliiiin  hydroxide  aiid  sulpliurkc  «oid  dissolve 
in  water  they  develop  heat  and  f^ve  avigcirouH  coutriictiririi ;  the  water  in  Hejmrat^d  from 
tttlch  Aolutionu  with  greut  diihirulty.  After  titutual  fitittinitiuii  Lhey  form  the  Ka.lt  Xa.|SO^, 
whicli  retains  the  water  but  feebly  aud  tfA'olvi'H  but.  little  heat  with  it,  which^  in  a  word, 
hat)  Utile  affinity  for  water.  The  water  in  the  Haturatioii  of  Hul|iliuric  acid  by  mmIh  in,  so 
to  K4iy,  dlsftlaced  from  a  stable  combination  and  paHAen  hiln  an  unxtable  etHiibination  ; 
hence  an  expiuiAion  (deorease  of  ap.  gr.)  taken  place.  It  ih  tuA  the  reaction  uf  the  ticid  on 
the  alkali,  Imt  the  reat'tiou  of  water^  that  [>rmluceH  the  phenomenon  by  whioh  Oiitwald 
desires  to  meat^ure  the  dejfrw'  of  kivU  forniatitin.  The  wutei%  whicli  PHcaped  attention j 
itself  hivri  ttffinity,  and  iiifluenceii  thotie  pheiioitieim  which  are  being  inv^entig'ated.  Further- 
moret  in  the  ^iven  iniiitance  itn  influeiic**  iw  very  jjr^eat  because  itti  ma»s  it*  large.  When  it 
is  not  |ireM)nt,  or  only  present  iti  *i»mll  cjiiantitiea,  the  affinity  of  the  base  to  the  acid  leads 
to  eon  traction,  and  not  expansion.  Na-.rO  ban  asp.  ypt,  2*8^  hence  its  volume  — 22;  the 
«p.  }^.  of  SOj  iR  l'\i  and  volume  41,  hence  the  Mnm  of  their  volumeci  ih  63,  and  for 
Na.j80^  the  t*p.  ^r,  i«  2"ft5  and  volume  i>3'0,  connequenliy  a  contraction  of  10  c.c.  jier  gram 
molecule  of  Halt,  Tlie  volaine  of  R^SO,  =  r»3"8,  that  of  2NaH0^37'4;  there  i«  produtetl 
*JH-^0,  volume  =  SG  +  Na-jSO,*  volume  -  hiitl.  There  react  »0"7  c.c,  and  on  Batunttion  there 
r«tilltts  8il'0  c.c. ;  eonstK^uently  eontnuition  again  ennueH^  although  letitt,  and  although  thiu 
reaction  in  one  of  iHinbHtitutioii  and  not  of  eoruhiuatioti.  Consequently  the  pbeiioniena 
Rtndied  by  Ostwald  hardly  (lex>end  on  the  measure  of  the  reaction  of  the  nattn,  hut  more 
on  the  relation  of  the  HubstanceH  dinwolved  to  water.  In  i^nbiititutiont^,  for  in>«tance, 
aNaNO^,  +  H^SO,  -  iiHNOj  +  Na-jSO^,  the  volumes  vary  but  slightly ;  in  the  above  example 
tli^y  are  *MiiH'H}  ^  SHa  and  2(Jr2)  +  58*tf  ;  hence  lai  volumeK  act, and  im  volumei*  are  pro- 
duced. It  may  be  thoaght^  therefore,  on  the  basi«i  of  what  ha*  been  *aid,  that  on  taking 
water  intfj  consideration  the  phenomena  t^tudicid  by  Thom*ien  and  Ostwald  prove  to  bi;* 
much  more  complex  than  they  at  first  appe^ir,  und  that  thi<»  method  can  itti4iTfH!ly  lead  to 
A  right  judgment  aK  to  the  distribution  of  acid'ii  between  l>a>»eii. 
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The  mixture  was  always  formed  with  equivalent  quantities — for  in- 
stance, 4BCI3  +  3CBr4.  It  appeared  that  there  was  no  exchange  what- 
ever on  simple  intermixture,  but  that  it  proceeds,  and  then  slowly, 
when  the  mixture  is  heated  (for  example  with  the  above-cited  mixture 
at  123°  4-06  per  cent,  of  CI  was  replaced  by  Br  after  14  days'  heating, 
and  6*83  per  cent,  after  28  days,  and  10-12  per  cent,  when  heated  at 
150°  for  60  days)  A  limit  was  always  reached  which  corresponded 
with  the  complemental  system  ;  for  example,  in  the  given  instance  to  the 
system  4BBr3  +  3CCl4.  So  in  this  last  89  97  per  cent,  of  bromine  in 
the  BBrg  was  replaced  by  chlorine  ;  that  is,  there  was  obtained  89*97 
molecules  of  BCI3  and  there  remained  1002  molecules  of  BBrg,  and 
therefore  the  same  state  of  equilibrium  was  reached  as  that  given  by 
the  system  4BCI3  +  3CBr4.  Both  systems  gave  one  and  the  same  state 
of  equilibrium  at  the  limit,  as  follows  from  Berthollet's  doctrine. ^®*> 

*"*»  G.  G.  Gustavson'fl  researches,  which  were  conducted  in  the  laboratory  of  the 
St.  Petersburg  University  in  1871-72,  are  among  the  first  in  which  the  measure  of 
the  affinity  of  the  elements  for  haloids  appears  with  perfect  clearness  in  the  limit  of 
substitution  and  in  the  rate  of  reaction.  The  researches  conducted  by  A.  L.  Potilitzin 
(of  which  mention  will  be  made  in  Chapter  XI.  Note  6(?)  in  the  same  laboratory  touch  on 
another  aspect  of  the  same  problem  which  has  not  yet  made  much  progress,  notwith- 
standing its  importance  and  the  fact  that  the  theoretical  side  of  the  subject  (thanks 
especially  to  Guldberg  and  Van't  Hoff )  has  since  been  rapidly  pushed  forward.  It  would 
bo  very  important  if  the  researches  of  Gustavson  touched  on  the  influence  of  niti8»,  and 
were  more  fully  supplied  with  data  concerning  velocities  and  temperatures,  because  of 
the  great  significance  which  tlie  instance  considered  has  for  the  understanding  of  double 
saline  decompositions  in  the  '  absence  of  water.' 

Furthermore,  Gustavson  showed  that  the  greater  the  atomic  weight  of  the  element 
(B,  Si,  Ti,  As,  Sn)  combined  with  cJilorine  the  greater  the  amount  of  clilorine  replaced 
by  bromine  by  the  action  of  CBri,  and  consequently  the  less  the  amount  of  bromine  re- 
placed by  chlorine  by  the  action  of  CCI4  on  bromine  compounds.  For  instance,  for 
chlorine  compounds  the  percentage  of  substitution  (at  the  limit)  is — 


BClr. 

SiCl, 

TiCl, 

AsCl., 

SnCl 

101 

12-5 

4a(? 

718 

77*5 

It  should  be  observed,  however,  that  Thorpe,  on  the  basis  of  his  experiments,  denies 
the  universality  of  this.  I  may  mention  one  conclusion  which  it  ai)iH*ars  to  me  may  be 
drawn  from  the  above  cited  figures  of  Gustavson,  if  they  further  verify  themselves  even 
within  narrow  limits.  If  CBri  be  heated  withRClj,  then  an  exchange  of  the  bromine  by 
chlorine  takes  place.  But  what  would  be  the  result  if  it  were  mixed  with  CCI4  ?  Judging 
by  the  magnitude  of  the  atomic  weights,  B  =  11,  C  =  1'2,  Si  =  28,  about  11  p.c.  of  the  chlorine 
would  be  replaced  by  bromine.  But  what  does  this  signify  ?  I  think  that  this  shows  the 
existence  of  a  movement  of  the  atoms  in  the  molecule.  The  mixture  of  CC1|  and  CBr^ 
does  not  remain  in  a  state  of  static  equilibrium ;  not  only  are  the  molecules  contained  in 
it  in  a  state  of  movement  but  also  the  atoms  in  the  molecules,  and  the  above  figures  show 
the  measure  of  their  translation  under  these  conditions.  The  bromine  in  tlie  CBri  is, 
within  the  limit,  substituted  by  the  chlorine  of  the  CCI4  in  a  quantity  of  about  11  out  of 
100;  that  is,  a  portion  of  the  atoms  of  bromine  previously  to  this  moment  in  combination 
with  one  atom  of  carbon  pass  over  to  the  other  atom  of  carbon,  and  the  chlorine  passes  over 
from  this  second  atom  of  carbon  to  replace  it.  Therefore,  also,  in  the  homogeneous  ma.^s 
CCI4  all  the  atoms  of  CI  do  not  remain  constantly  combined  witli  the  same  atoms  of 
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Thus  we  now  find  ample  confirmation  from  various  quarters  for  the 
following  rules  of  Berthollet,  on  referring  them  to  double  saline  decom- 
positions :  1.  From  two  salts  MX  and  NY  containing  different  haloids 
and  metals  there  result  from  their  reaction  two  others,  MY  and  NX, 
but  such  a  substitution  will  not  proceed  to  the  end  unless  one  product 
passes  from  the  sphere  of  action.  2.  This  reaction  is  limited  by  the 
existence  of  an  equilibrium  between  MX,  NY,  MY,  and  NX,  because  a 
reverse  reaction  is  quite  as  possible  as  the  direct  reaction.  3.  This  limit 
is  determined  by  both  the  measure  of  the  active  affinities  and  by  the  rela- 
tive masses  of  the  substances  measuretl  by  the  number  of  the  reacting 
molecules.  4.  Other  conditions  being  constant,  the  chemical  action  is 
proportional  to  the  product  of  the  chemical  masses  in  action.''** 

Thus  if  the  salts  MX  and  NY  after  reaction  partly  formed  salts  MY 
and  NX,  then  a  state  of  equilibrium  is  reached  and  the  reaction  ceases  ; 
but  if  one  of  the  resultant  compounds,  in  virtue  of  its  physical  properties, 
passes  from  the  sphere  of  action  of  the  remaining  substances,  then  the 
reaction  will  continue.  This  exit  from  the  sphere  of  action  depends  on 
the  physical  properties  of  the  substance  and  on  the  conditions  under 
which  the  reaction  takes  place.  Thus,  for  instance,  the  salt  NX  may, 
in  the  case  of  reaction  between  solutions,  separate  as  a  precipitate,  ?is 
an  insoluble  substance,  while  the  other  three  substances  remain  in  solu- 
tion, or  it  may  pass  into  vapour,  and  in  this  manner  also  pass  away 
from  the  sphere  of  action  of  the  remaining  substances.  Let  us  now 
suppose  that  it  passes  away  in  some  form  or  other  from  the  sphere  of 
action  of  the  remaining  substances — for  instance,  that  it  is  transformed 
into  a  precipitate  or  vapour — then  a  fresh  reaction  will  set  in  and  a 

carbon,  and  ihire  is  an  exchange  of  atoms  between  different  molecules  in  a  homogeneous 
medium  also.  Thiu  liypotheHiK  may,  in  my  opinion,  explain  certain  phenomena  of  disso- 
ciation, but  in  mentioning  it  I  do  not  consider  it  poshible  to  linger  on  it.  I  will  only 
observe  that  a  similar  hypothesis  suggested  itself  to  me  in  my  researches  on  solutions, 
and  that  Pfaundler  essentially  enunciated  a  similar  h>i)otliesis,  and  in  recent  times  a 
like  view  is  l)eginning  to  diffuse  itself  with  respect  to  the  electrolysis  of  saline  solutions. 
»  BerthoUet's  doctrine  can  hardly  be  in  any  way  undermined  when  it  is  shown  that 
there  are  cases  in  which  there  is  no  decomposition  between  salts,  because  in  principle 
the  affinity  may  be  so  small  that  a  large  mass  would  still  give  no  observable  displacements. 
The  fundamental  condition  of  the  adaptability  of  BerthoUet's  doctrine,  as  well  as 
Deville's  doctrine,  of  dissociation  lies  in  tlie  reversibility  of  reactions.  As  there  are  prac- 
tically unreversible  reactions  (for  instance,  CCl  |  +  2H.,,0  —  CO.,.  +  4HC1),  and  as  non- volatile 
substances  do  exist,  so  whilst  jiccepting  the  doctrine  of  reversible  reactions  and  retaining 
the  doctrines  of  the  evaporation  of  licjuids,  it  is  possible  to  admit  the  existence  of  non- 
volatile substances,  and  in  just  the  same  way  of  reaction  without  any  visible  conformity 
to  BerthoUet's  doctrine.  This  doctrine  evidently  approaches  nearer  than  the  opposite 
doctrine  of  Bergman  to  the  solution  of  the  complex  problems  of  chemical  mechanics, 
for  the  successful  resolution  of  which  at  the  present  time  the  richest  fruits  are  to  be 
expecte<l  from  the  working  out  of  data  concerning  dissociation,  the  influence  of  mau, 
and  the  equilibrium  and  velocity  of  reactions. 
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reformation  of  the  salt  NX.  If  it  be  removed,  then,  although  the 
quantity  of  the  elements  N  and  X  in  the  mass  will  be  diminished,  still, 
according  to  Berthollet*s  law,  a  certain  amount  of  NX  should  be  again 
formed.  When  this  substance  is  again  formed,  then,  owing  to  its 
physical  properties,  it  will  again  pass  away  ;  hence  the  reaction,  in 
consequence  of  the  physical  properties  of  the  resultant  substance,  is 
able  to  proceed  to  completion  notwithstanding  the  possible  weakness  of 
the  attraction  existing  between  the  elements  entering  into  the  compo- 
sition of  the  resultant  substance  NX.  Naturally,  if  the  resultant 
substance  is  also  formed  of  elements  having  a  considerable  degree  of 
affinity,  then  the  complete  decomposition  is  considerably  facilitated. 

Such  a  representation  of  tlie  moduH  operandi  of  chemical  trans- 
formations is  applicable  with  great  clearness  to  a  number  of  re- 
actions studied  in  chemistry,  and,  what  is  especially  important,  the 
application  of  this  aspect  of  BerthoUet's  teaching  does  not  in  any  way 
require  the  determination  of  the  measure  of  affinity  acting  between  the 
substances  present.  For  instance,  the  action  of  ammonia  on  solutions 
of  salts  ;  the  displacement,  by  its  means,  of  basic  hydrates  soluble  in 
water  ;  the  separation  of  volatile  nitric  acid  by  the  aid  of  non- volatile 
sulphuric  acid,  as  well  as  the  decomposition  of  table  salt  by  means  of 
sulphuric  acid,  when  gaseous  hydrochloric  acid  is  formed — may  be 
taken  as  examples  of  reactions  which  proceed  to  the  end,  inasmuch  as 
one  of  the  resultant  substances  is  entirely  removed  from  the  sphere  of 
action,  but  they  in  no  way  indicate  the  measure  of  affinity.'*^ 

^  Common  suit  not  only  enters  into  double  <lecompositi<»n  with  acidH  but  also  uitli 
every  salt.  However,  as  clearly  follows  from  Berthollets  doctrine,  this  form  of  decom- 
position will  only  in  a  few  cases  render  it  possible  for  n<!w  nH-tallic  chlorides  to  be  ob- 
tained, bticause  the  decomposition  will  not  be  carried  on  to  the  end  unless  the  metiiUic 
chloride  fonued  separates  from  the  mass  of  the  active  substances.  Thus,  for  example, 
if  a  soluticm  of  connnon  salt  be  mixed  with  a  solution  of  majj^nesium  sulphate,  double 
decomposition  ensues,  but  not  completely,  because  all  the  substances  r«Mnain  in  the  stdu- 
tion.  In  this  case  the  decomposition  nnvy  result  in  the  fornnition  of  sodium  sulphate  and 
magnesium  chloride,  substances  which  are  soluble  in  water;  nothing'  is  disenpajjed, 
and  therefore  the  decom|>osition  *2NaCl  + M«?S(),^  Mj<CL-r  Na-jSOi  cannot  proceed  to  the 
end.  However,  the  sodium  sulphate  formed  in  tliis  manner  nniy  be  separated  by  freezing; 
the  mixture.  Suljjhate  of  sodium  is  sparingly  soluble  in  the  cold,  and  therefore  if  a  suffi- 
ciently strong  solution  of  connnon  salt  and  magnesium  sulphate  be  taken,  the  resulting 
Bodium  sulphate  will  separate  out  in  the  cold  as  crystals  containing  water  of  crystallisa- 
tion. The  complete  separation  of  the  sodium  sulphate  will  naturally  not  take  place,  owing 
to  a  portion  of  the  salt  remaining  in  the  solution  in  the  cold.  Nevertheless,  this  kind  of 
decomi>oHition  is  made  use  of  for  the  preparation  of  sodium  sulphate  from  the  residue*^ 
left  after  the  evaporation  of  sea-water,  which  contain  a  mixture  of  nnignesium  Bulphato 
and  common  salt.  Such  a  mixture  is  encountered  at  Stassfurt  in  a  natural  form.  The 
Bcparation  is  sometimes  carried  on  by  means  of  artificial  cooling  by  refrigerating 
machines.  It  might  be  said  that  this  form  of  double  decomi)osition  is  only  acctmiplished 
with  a  change  of  t<Mnperature ;  but  this  would  not  be  true,  as  may  be  concluded  from 
other  analog<nis  cas<*s.     Thus,  for  instance,  a  solution  of  copper  sulphate  is  of  a  blue 
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As  a  proof  that  double  decompositions  like  the  above  are  actually 
accomplished  in  the  sense  of  Berthollet's  doctrine,  the  fact  may  be  cited 
that  table  salt  may  be  entirely  decomposed  by  nitric  acid,  and  nitre  may 
be  completely  decomposed  by  hydrochloric  acid,  just  as  they  are  decom- 
posed l^y  sulphuric  acid  ;  but  this  only  takes  place  when,  in  the  first 
instiince,  an  excess  of  nitric  acid  is  taken,  and  in  the  second  instance  with 
an  excess  of  hydrochloric  acid  for  a  given  quantity  of  the  sodium  salt, 
and  if  the  resultant  acid  passes  off.  If  sodium  chlonde  l)e  put  into  a 
porcelain  evaporating  basin,  nitric  acid  be  added  to  it,  and  the  mix- 
ture l)e  heated,  then  both  hydrochloric  and  nitric  acids  are  expelled  by 
the  heat.  Thus  the  nitric  acid  partially  acts  on  the  sodium  chloride, 
but  on  heating,  as  both  acids  are  volatile,  they  are  both  converted  into 
vapour  ;  and  therefore  the  residue  will  contain  a  mixture  of  a  certain 
quantity  of  the  sodium  chloride  taken  and  of  the  sodium  nitrate  formed. 
If  a  fresh  quantity  of  nitric  acid  be  then  added,  reaction  will  again  set 
in,  a  certain  portion  of  hydrochloric  acid  is  again  evolved,  and  on  heat- 
ing is  expelled  together  with  nitric  acid.  If  this  be  repeated  several 
times,  it  is  possible  to  expel  all  the  hydrochloric  acid,  and  to  obtain 
sodium  nitrate  only  in  the  residue.  If,  on  the  contrary,  we  take 
.sodium  nitrate  and  add  hydrochloric  acid  to  it  in  an  aqueous  solution, 
then  reaction  again  sets  in,  a  certain  quantity  of  the  hydrochloric  acid 
displaces  a  portion  of  the  nitric  acid,  and  on  heating  the  excess  of 
hydrochloric  acid  passes  away  with  the  nitric  acid  formed.  On  repeat- 
ing this  process,  it  is  possible  to  displace  the  nitric  acid  with  an  excess 
of  hydrochloi'ic  acid,  just  as  it  was  possible  to  displace  the  hydrochloric 
acid  by  an  excess  of  nitric  acid.  The  influence  t»f  the  mass  of  the  sub- 
stance in  action  and  the  influence  of  volatility  is  here  very  distinctly 


colour,  while  a  s(.>lution  of  copper  chloride  is  green.  If  we  mix  lH)th  saltti  together  the 
green  tint  is  distinctly  visible,  so  that  by  this  means  the  presence  of  the  copper  chloride 
in  the  solution  of  copper  sulphate  is  clearly  seen.  If  now  we  add  a  solution  of  common 
Kalt  to  a  solution  of  copiMsr  sulphate  a  green  coloration  is  obtained,  which  indicates  the 
formation  of  copp«'r  chloride.  In  this  instance  it  is  not  separated,  but  it  is  immediately 
formed  on  the  addition  of  conmion  salt,  as  it  should  be  according  to  BerthoUet's  doctrine. 
Tlie  complete  formation  of  a  metallic  chloride  fnmi  common  salt  can  only  occur, 
judging  from  tl\e  above,  when  it  separates  from  the  sphere  of  action.  The  salts  of  silver 
are  instances  in  question,  because  the  silver  chloride  is  insoluble  in  water;  and  therefore 
if  we  add  a  "^oUition  of  sodium  chloride  to  a  solution  of  a  silver  salt,  then  silver  chloride 
and  tlie  sinliuni  siilt  of  tliat  acid  which  was  in  the  silver  s&lt  are  f»)nned.  The  amount 
of  silver  chl<»ride  formed  immediately  separates  from  the  solution,  bec»uise  it  is  in- 
soluble in  water,  and  the  reaction  in  consequence  is  further  directed  to  the  end — tliatis, 
either  the  whole  quantity  of  the  silver  is  separated  or  all  the  chlorine  passes  into  silver 
chloride.  This  meth<Kl  is  made  use  of  for  separating  silver  from  its  solutions,  and  also 
for  determining  the  (juautity  of  chlorine.  It  must  not,  however,  l>e  forgotten  that  silver 
chloride  is  sliglitly  soluble  in  water  and  still  more  so  in  a  solution  of  sodium  chloride,  and 
that,  therefore,  a  certain  trace  of  silver  escapes  precipitation. 
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seeti.  Hence  It  inaj  be  affirnied  that  sulphurk  tuAd  does  not  displace 
hydmchlot'ic  acid  because  of  au  especiuUy  Uigli  degree  of  affinity,  but 
that  this  reaction  is  only  carried  on  to  the  end  because  the  sulphuric 
acid  is  not  vohitile  wliiUt  the  hydrochlono  acid  which  Is  formed  is 
volatik". 

The  preparation  of  hydrocldoric  acid  in  the  laljoratory  and  (*ii  tL 
large  scale  is  based  upon  these  data.  In  the  lirst  instance^  an  excess 
of  sulpliui'ic  acid  is  employed  in  onler  that  the  i-eaction  may  proceed 
easily  and  at  a  low  temperature,  wliilst  on  a  large  scale^  when  it  is 
necessary  to  ecoiunnLse  e^  ery  material,  equivalent  quantities  are  taken 
in  order  to  Mhtain  the  normal  salt  Na._,80^  and  not  the  acid  salt  (p,  422), 
which  would  require  twice  as  much  acid.  It  may  be  remarked  that 
drj^  hydruchloric  acid  is  a  gas  which  is  very  soluble  in  water.  It  is 
most  frequently  used  in  practice  in  this  state  of  solution  under  the  name 
of  innrintir  aryf,^^ 


arc  t3r*t  mixwl  iiml  hcutoiU    <\  tuufTte  for  the  tiltlmiiti^  ili^coinifioaltion. 

In  chemical  works  the  decomposition  of  sodium  chloride  by  means  of 
sulphuric  acirl  is  carried  tm  on  a  vei'y  larije  scale,  chiefly  with  a  view  to 
the  prejiaration  of  normal  sodium  sulphate,  the  hydrochloric  acid  being 
a  bye-prtKluct.  Tlie  furnace  employed  is  tenned  a  mlt  cake  fur nacis^ 
It  is  represente«l  in  fig-  C'l,  and  consists  of  the  following  two  parts  :  the  1 


''I  The  nniJ^M-ntim  ^litmn  \u  fijf.  Jfi  (p.  ar>0>  is  g«?n»^ral1y  eniplnypfl  for  i\w  |ir«i>iirAtinn 
of  ftiiiuU  qtiaiilitii^B  nf  bydrocliloric  acid,     ConitJiuii  m\i  is  pljicerl  in  the  retort;  thi*  luUt  19  I 
geiiemlly  proviounly  htmd,  ak  it  otherwise  frotb*  *tjd  ijoils  ovt^r  i\w  wpimrHtun.    Wlion  tho- 1 
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pan  B  and  the  roaster  C,  or  enclosed  space  built  up  of  large  bricks  a 
and  enveloped  on  all  sides  by  the  smoke  and  flames  from  the  fire  grate, 
F.  The  ultimate  decomposition  of  the  salt  by  the  sulphuric  acid  is 
accomplished  in  the  roaster.  The  hydrochloric  acid  gas  evolved  in  this 
reaction  escapes  through  the  tube  O  as  will  presently  be  described.  But 
the  lirst  decomposition  of  sodium  chloride  by  sulphuric  acid  does  not 
require  so  high  a  temperature  tis  the  ultimate  decomposition,  and  is 
therefore  carried  on  in  the  front  and  cooler  portion,  B,  whose  bottom 
is  heated  by  gas  flues.  When  the  reaction  in  this  portion  ceases 
and  the  evolution  of  hydrochloric  acid  stops,  then  the  mass,  which 
contains  about  half  of  the  sodium  chloride  yet  undecomposed  and 
the  sulphuric  acid  in  the  form  of  acid  sodium  sulphate,  is  removed 
from  B  and  thrown  into  the  roaster  C,  where  the  action  is  com- 
pleted. Normal  sodium  sulphate,  which  we  shall  afterwards  describe, 
remains  in  the  roaster.  It  is  employed  both  directly  in  the  manu- 
facture of  glass,  and  in  the  preparation  of  other  sodium  compounds — for 
instance,  in  the  preparation  of  soda  ash,  as  will  afterwards  be  described. 
For  the  present  we  will  only  turn  our  attention  to  the  hydrochlorie 
acid  evolved  in  B  and  C.  In  chemical  works,  where  sulphuric  acid  of 
60°  Baum^  (22  p.  c.  of  water)  is  employed,  117  parts  of  sodium  chloride 
are  taken  to  about  125  parts  of  sulphuric  acid. 

The  hydrochloric  acid  gas  evolved  is  subjected  to  condensation  by 
dissolving  it  in  water.^'*^     If  the  apparatus  in  which  the  decomposition 

upparatuH  is  placed  in  order  sulphuric  acid  mixed  with  water  is  poured  doH'ii  the  thistle 
funnel  into  the  retort.  About  one  and  a  half  times  the  weight  of  the  salt  of  strong  sul-^ 
phuric  acid  is  usually  taken,  and  it  is  diluted  with  a  small  quantity  of  water  (half)  if  it  be 
desired  to  retard  the  action,  as  in  using  strong  sulphuric  acid  the  action  immediately 
begins  with  great  vigour.  The  mixture,  at  firnt  without  the  aid  of  heat  and  then  at  a 
moderate  temperature  (in  a  water-bath),  evolves  hydrochloric  acid.  Commercial  hydro- 
chloric acid  contains  many  impurities ;  it  is  usually  purified  by  distillation,  the  middle 
I>ortion8  being  collected.  It  is  purified  from  arsenic  by  adding  FeCl.j,  distilling,  and 
casting  aside  the  first  third  of  the  distillate.  If  free  hydrochloric  acid  gas  be  required,  it 
is  passed  through  a  vessel  containing  strong  sulphuric  acid  to  dr}'  it,  and  it  is  collected 
over  a  mercury  bath. 

Phosi)horic  anhydride  absorbs  hydrogen  chloride  (Bailey  and  Fowler,  1888; 
2P.2O5  +  .SHCl  =  POCl-  +  3HPO3)  at  the  ordinary  temperature,  and  therefore  the  gas  cannot 
be  dried  by  this  substance. 

'*  As  at  works  which  treat  common  salt  in  order  to  obtain  sodium  sulphate,  the 
hydrochloric  acid  is  sometimes  held  in  no  value,  they  would  readily  allow  it  to  escape 
into  smoke  and  into  the  atmosphere,  which  would  greatly  injure  the  air  of  the  neighbour- 
hood and  destroy  all  vegetation,  and  therefore  in  all  countries  there  are  laws  forbidding 
the  works  to  proceed  in  this  manner,  and  requiring  the  absorption  of  the  hydrochloric  acid 
by  water  at  the  works  themselves,  and  not  permitting  the  solution  to  be  run  into  rivera 
and  streams,  whose  waters  it  would  spoil.  It  may  be  remarked  that  the  absorption  of 
hydrochloric  acid  presents  no  particular  difficulties  (the  absorption  of  sulphurous  acid 
is  much  more  difficultj,  because  hydrochloric  acid  has  a  great  affinity  for  water  and  gives 
a  hydrate  which  boils  above  100°.  Hence,  even  steam  and  hot  water,  as  well  as  weaker 
solutions,  can  be  used  for  absorbing  the  acid.     However,  Warder  (1888)  showed  that  weak 
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is  accomplished  were  hermetically  closed,  and  only  presented  one  outlet, 
then  the  escape  of  the  hydrochloric  acid  would  only  proceed  through 
the  escape  pipe  intended  for  this  purpose.  But  as  it  is  impossible  to 
•construct  a  perfectly  hermetically  closed  furnace,  it  is  necessary  to 
increase  the  draught  by  artificial  means,  or  to  oblige  the  hydrochloric 
acid  gas  to  pass  through  those  arrangements  in  which  it  is  condensed. 
This  is  done  by  connecting  the  ends  of  the  tubes  through  which  the 
hydrochloric  acid  gas  escapes  from  the  furnace  with  high  chimneys,  where 
the  strong  draught  proceeding  from  the  combustion  of  the  fuel  carries 
off  the  hydrochloiic  acid  and  air  which  is  mixed  with  it.  This  causes  a 
current  of  hydrochloric  acid  gas  to  pass  through  the  absorbing  apparatus 
in  a  definite  direction.  Here  it  encountei-s  a  current  of  water  flowing 
in  the  opposite  direction,  by  which  it  is  absorbed.  It  is  not  cus- 
tomary to  cause  the  acid  to  pass  through  tlie  water,  but  only  to  bring 
it  into  contact  with  the  surface  of  the  water.  The  absorption  apparatus 
consists  of  large  earthenware  vessels  having  four  orifices,  two  above  and 
two  lateral  ones  in  the  wide  central  portion  of  each  vessel.  The  upper 
orifices  serve  for  connecting  the  vessels  together,  and  the  hydrochloric 
acid  gas  escaping  from  the  furnace  passes  through  these  tubes.  The 
water  for  absorbing  the  acid  enters  at  the  upper,  and  flows  out  from  the 
lower,  vessel,  and  passes  through  the  lateral  orifices  in  the  vessels.  The 
water  flows  from  tlie  cliinmey  towards  the  furnace,  and  it  is  therefore 
evident  that  the  outflowing  water  will  be  tlie  most  saturated  with  acid, 
of  which  it  actually  contains  a])out  20  per  cent.  The  absorption  in 
these  vessels  is  not  complete.  The  ultimate  absorption  of  the  hydro- 
chloric acid  is  carried  on  in  the  so-called  coke  towers.  These  are  high 
chinmeys,  like  that  shown  in  fig.  G6.  They  are  frecjuently  divided  into 
two  portions,  or  consist  of  two  adjacent  chimneys.  A  lattice  work  of 
bricks,  C,  is  laid  on  the  b<;ttom  of  these  towers,  on  which  coke  is 
pileil  up  to  the  top  of  the  tower.  Water,  distributing  itself  over  the 
coke,  trickles  down  to  the  bottom  of  the  tower,  and  in  so  doing  absorbs 
the  hydrochloric  acid  gas  rising  upwards. 

It  will   be    readily    understood    that    hydrochloric    acid    may    be 


BolutioiiHof  composition  H.^O  +  ziHCl  wlienl)oiled  (the  residue  will  hv.  almost  HCl,HH.,Oj 
evolve  (not  water  but)  a  solution  of  the  composition  H.,0  •  44r»/<«HCl ;  for  exam})le,  on  dis- 
tilling HCl,l()HoO,  HCl,2;JHoO  is  first  obtained  in  the  distillate.  As  the  strenjrtli  of  the 
residue  becomes  j^reater,  so  also  dm*s  that  of  the  distillate,  and  therefore  in  order  to  com- 
pletely absorb  hydrochloric  aci<l  it  is  necessary  in  the  end  to  have  recourse*  to  wat^^r. 

Afi  in  Russia  the  manufacture  of  sodium  sulphate  from  sodium  chloride  Inus  not  vet 
been  sufticiently  developed,  and  as  hydrochloric  acid  is  refpiired  for  many  technical  pur- 
IHJses  (for  instance,  for  the  preparati(^n  of  zinc  chloride,  which  is  employed  for  soaking 
railway  sleeiK*rs),  therefore  the  salt  is  often  treated  nniinly  for  the  manufacture  of  hydro- 
chloric acid. 
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obtained  from  all  other 
metallic  chlorides.^*     It  is 

*'  ThuHthe  fneUlJit!  dilofides, 
whieh  lire  tlecomiN inied  u*  a  t^reatcr 
or  ietiinle^ee  by  w  utertCNLirr^^spond 
with  fiL^elile  tM»»e«4.  Such  ivi'e,  for 
extimpUf,  MrCIj,  AICI5,  l4bCls, 
BiCl.v  The  decoiii  position  of 
magii^siimi  chlnrritlig  (and  n\bO 
canmllite)  by  ^rolphuric^  ikcid  pro- 
o«edii  tit  th<?  ordinftrj'  temi>cr*itiir«? 
and  m«^  b0  employf^d  iis  i^  con- 
vetiieitt  tneth^d  for  th«  prodac- 
lion  of  hydrothhirie  acid.  The 
vapour  of  common  '^Miilt  in  the  pre- 
»eiic«  of  9team  diid  «Llic:A  (whiob 
is  cnptvble  of  comhinmg  wtth  ho- 
dium  oiLide)  gives  hydrtx^kloric 
acid  and  isoditini  <>ilicAto.  Hydro- 
chloric acid  iM  altvo  produced  JA 
tUiLny  reactions  uf  decompoditian 
of  carbon  eoropoundin  eontainini^ 
chlorine  wnd  hydrogen ;  for  in- 
«tMic«o,  when  the  va^wur  of  ethyl 
chloride  ia  ptv^^ed  through  il  red- 
hot  tub«?,  it  give*  ol«?flant  gd^.  imd 
hydror^Iiloric  acid.  It  is  rtlao  prr>- 
dtxced  by  the  iirnititm  of  r*»rtruii 
metmllic  cbloridesi  in  n  ntream 
of  h\'drngt»n,  especially  of  tht)Ke 
meiaU  which  arti  easily  rtMlnced 
»iid  difficultly  oxidised — ^for  in- 
«tiutC4!f>,  KJlvcr  chlorid«.  Leud 
chloridtj,  when  htfitt«d  to  rt^dneti^ 
in  A  «treiiiu  of  steiun,  ^^tvex  by* 
drocliltjriu  iicid  «ujd  leivd  oxide. 
Id  Ken*?ml  aMCln  -f  nllp  fre* 
quently  givtri*  MjO„-rdl«UCl,  mtd 
MCU  +  H;.  *omttime»  M  +  mHCI, 

aJso  proceed  in  the  opt>i>*iite  di- 
rection, thiit  is,  M/>„  -f  m2HC1  frt?- 
qnently  forms  *iMCl^  -r  uKA)  and 
flometimea  M  -1-  nHCl  =  MCI,,  + 
H„,  where  M  is  a  metuL  Tlu+ 
multitude  of  the  cone^  of  fornui* 
tion  of  hydrochloric  acid  an?  ut\* 
derstood  from  the  foci  tlmt  it  in 
a  nabtctiuice  which  in  cohix^hj^iu 
tively  very  stable^  res«mblin>; 
wal«fr  in  this  ranpect,  luid  even 
m<mi  prot»ably  nion*  ^Lable  than 
water,  t)ecAa«e,  at  a  hi|ch  fcotn* 
jmratnre  and  even  under  the 
i&etifm  ol  light)  chlorine  decom- 


Fta,  ce*— Coke  tuwcr. 
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frequently  formed  in  other  reactions,  many  of  which  we  shall  meet 
with  in  the  further  course  of  this  work.  It  is,  for  instance,  formed 
by  the  action  of  water  on  sulphur  chloride,  phosphorus  chloride,  anti- 
mony chloride,  (tc. 

Hydrochloric  acid  is  a  colourless  gas  having  a  pungent  suffocating 
odour  and  an  acid  taste.  This  gas  fumes  in  air  and  attracts  moisture, 
because  it  forms  vapour  containing  a  compound  of  hydrochloric  acid  and 
water.  Hydrochloric  acid  is  liquefied  by  cold,  and  under  a  pressure  of 
40  atmospheres  into  a  colourless  liquid  of  sp.  gr.  0*908  at  0°,^*  boiling 
point  —35"  and  absolute  boiling  point  +52.  We  have  already  seen 
(Chap.  I.)  that  hydrochloric  acid  combines  very  energetically  tvith  tvcUery 
and  in  so  doing  evolves  a  considerable  amount  of  heat.  The  solution 
saturated  in  the  cold  attains  a  density  1-23.  On  heating  such  a  solu- 
tion containing  about  45  parts  of  acid  per  100  parts,  the  hydrochloric 
acid  gas  is  expelled  with  only  a  slight  admixture  of  aqueous  vapour. 
But  it  is  impossible  to  entirely  separate  the  whole  of  the  hydrochloric 
acid  from  the  water  by  this  means,  as  could  be  done  in  the  case  of  an 
ammoniacal  solution.  The  temperature  required  for  the  evolution  of  the 
gas  rises  and  reaches  110^-1  IP,  and  after  this  remains  constant — that 
is,  a  solution  having  a  constant  boiling  point  is  obtained  (p.  98),  which, 
however,  does  not  (Roscoe  and  Dittmar)  present  a  constant  composition 
under  different  pressures,  because  the  hydrate  is  decomposed  in  distil- 
lation, iis  is  seen  from  the  determinations  of  its  vapour  density  (Bineau). 
Judging  from  the  facts  (1)  that  witli  decrease  of  the  i)ressure  under  which 
the  distillation  i)roceeds  the  solution  of  constant  boilin<^  point  approaches 
to  a  composition  of  25  p.c.  of  hydrochloric  «aci(l,^'*  (2)  that  by  passing  a 
stream  of  di  y  air  through  a  solution  of  hydrochloric  acid  there  is  obtaineil 
in  the  residue  a  solution  which  also  approaches  to  25  p.c.  of  acid,  more 
nearly  as  the  temperature  falls,^'*  (3)  tliat  many  of  the  properties  of  solu- 
tions of  hydrochloric  acid  vary  distinctly  according  as  they  contain  more 
or  less  than  25  p.c.  of  hydrochloric  acid  (for  instance,  antimonious 
sulphide  gives  hydrogen  sulphide  with  a  stronger  acid,  but  is  not  actetl 
on  by  a  \veaker  solution,  also  a  stronger  solution  fumes  in  tlie  air, 
<kc.),  and  (4)  that  the  composition  HC1,6H.20  corresponds  with  25*26  p.c. 

XK)»eH  water,  with  the  formation  of  hydrochloric  acid.  The  combination  of  chlorine  and 
hydrogen  also  proceeds  by  their  direct  action,  as  we  shall  afterwards  describe. 

^*  According  to  Ansdell  (1««0)  the  sp.  gr.  of  liquid  hydrochloric  acid  at  0  =0'iM)H,  at 
ll'«7"  =  OH54,  at  22-7=' - O'HOH,  at  33=  - OT-IH.  Hence  it  is  seen  that  the  expansion  of  this 
liquid  is  greater  than  that  of  gases  (Chapter  II.  Note  34). 

•**  According  to  Roscoe  and  Dittnuir  at  a  pressure  of  three  atmospheres  the  solution 
of  constant  boiling  ])oint  contains  IH  p.c.  of  hydrogen  chloride,  and  at  a  pressure  of  one- 
tenth  atmosphere  23  p.c.     The  percentage  is  intermediate  at  medium  pressures. 

^  At  QP  25  p.c,  at  100    20-7  p.c. ;  Roscoe  and  Dittmar. 
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HCl — ^judging  from  all  these  data,  and  also  from  the  loss  of  tension 
which  occurs  in  the  combination  of  hydrochloric  acid  with  water, 
it  may  be  said  that  they  form  a  definite  hydrate  of  the  composition 
HC1,6H20.  The  conclusions  to  be  drawn  from  the  densities  of  solu- 
tions of  hydrochloric  acid  also  point  to  the  same  fact,  as  will  presently 
be  explained.  Besides  this  hydrate  there  exists  also  a  crystallo-hydrate 
HC1,2H20,^^  which  is  forme<l  by  the  absorption  of  hydrochloric  acid 
by  a  saturated  solution  at  a  temperature  of  —  23°.  It  crystallises  and 
melts  at  -18°.3« 

^'  This  crystallo-hydrate  (obtained  by  Pierre  and  Puchot,  and  investigated  by  Kooze> 
boom)  iM  analogous  to  NaCl,2H.>0.  The  crj-stals  HC1,2H.^0  at  —  22*^  have  a  specific  gravity 
1'4H,  the  vaponr  tension  (dissociation)  of  the  solution  having  a  com(K>sition  HCljQHjO 
at  -24^  =  760,  at  -l«°  =  1010,at  -  lH^--1057,  at  -17^  =  1112  mm.  of  mercurj-.  In  a  solid 
state  the  crystallo-hydrate  at  -17*7'  has  the  same  tension,  whilst  at  lower  temperatures 
it  is  much  less:  at  —24°  about  150,  at  —11)"'  about  580  mm.,  at  — 17'2°  about  10  atmo 
spheres;  at  —13°  about  150  atmospheres.  A  mixture  of  fuming  hydrochloric  acid  with 
snow  reduces  the  temperature  to  —  BH^ 

^  According  to  Roscoe  at  0^  a  hnndretl^axn^ol  water  at  a  pressure  J7  (in  millimetres 
of  mercury)  dissolves — 

|)  =t  100  200  800  500  700  1000 

Grams  HCl       657  707  788  782  81-7  85-« 

At  a  pressure  of  700  millimetres  and  temperature  /,  a  humlred  grams  of  water  dissolvefl 

f     =  0  8^  16^  24=  40°  60° 

Grams  HCl    825         788  742  700  «8-8  5<»1 

Roozeboom  (1886)  showed  that  at  /''  solutions  containing  e  grams  of  hydrogen  chloride  per 
100  grams  of  water  may  (with  the  variation  of  the  pressure  p)  be  fonned  together  with 
the  crystallo-hydrate  HCl,2H.p : 

t    =    -28-8=  -21°  -19°  -18°  +17-7^ 

c  ==       84-2  8(5-8  1)2-6  1)8-4  101  4 

p  =        —  884  .->80  1)00  1073  mm. 

The  last  composition  answers  to  the  melted  crystallo-hydrate  HC1,2H.^0,  which  splitH  op 
at  temperatures  above  —17-7°,  and  at  a  constant  atmospheric  pressure  when  there  are 
no  crystals — 

/    =    -24°  -21'^  -18°  -10*  0 

c  =      101-2  1)8-8  1)5-7  89-8  842 

From  these  data  it  is  seen  that  the  hydrate  HC1,2H.,»0  ciui  exist  in  a  liquid  state,  which 
is  not  the  case  for  the  hydrates  of  carbonic  and  sulphurous  anhydrides,  chlorine,  &c. 

According  to  Marignac,  the  spet-ific  heat  c  of  a  solution  HCl  f  mH.jO  (at  about  80°, 
taking  the  specific  heat  of  water  =1)  is  given  by  the  expression — 

C(36-5  +  ml8)  =  18/«  -  2889  +  140/m-  268/m» 

if  w  be  not  less  than  6-25.     For  example,  for  HCl  -l-  25 H^  C  =  0-877. 

According  to  Thomsen's  data,  the  amount  of  heat  Q,  expressed  in  thousands  of  calories, 
evolved  in  the  solution  of  86-5  grams  of  gaseous  hydrochloric  acid  in  mH.^O  or  IHm 
grams  of  water — 

m  =2  4  10  50  400 

g  =    11-4        14-3         16-2  171  17-8 

In  these  quantities  the  latent  heat  of  liquefaction  is  include<l,  which,  judging  by 
■analogy  (page  821),  must  be  taken  as  5-9  thousand  calories  per  mf)lecular  qn  intity  of 
hydrogen  chloride. 

The  researches  of  Scheffer  (1888)  on  the  rate  of  diffusion  (in  water)  of  solutions  of 
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The  mean  (from  the  observations  cf  Ure,  Kremers,  Koll^e,  Bert  he- 
lot, Marignac,  and  Kohlrausch)  specific  gravities  at  15°,  taking  water 
at  its  maximum  density  (4°)  as  10000,  for  solutions  containing  p  per 
cent,  of  hydrogen  chloride,  are  given  in  the  following  table  in  the 
columns  under  the  symbol  8,  Their  possible  error  is  not  less  than  ±  2, 
and  is  scarcely  greater  than  ±10. 


V 
5 

8 

10242 

10240 

V 
25 

8 

11266 

11263 

10 

10490 

10492 

30 

11522 

11522 

15 

10744 

10746 

35 

11773 

11770 

20 

11001 

11003 

40 

11997 

12005 

Under  the  letter  S*  in  the  third  column  is  given  the  specific  gravity 
calculated  according  to  the  formula  aS'  =  9991-6  +  49-43/)  + 0057 lj»*, 
until  p  =  25-26,  which  answers  to  the  hydrate  HC1,6H20  mentioned 
above.  Above  this  percentage  aS'=  9785-1  +  65-10/?  —  0-240/)*.  A  com- 
parison of  the  results  obtained  by  experiment  and  calculation  («  with 
S)  shows  that  the  curve  is  in  perfect  harmony  with  the  mean  result 
of  observation.  The  necessity  of  two  curves  is  already  indicated  by 
the  fact  that  the  rise  of  specific  gravity  with  an  increase  of  percentage 

(or  the  differential         j   reaches  a  maximum  at  about  25  p. c.^^     Thus 

between  0  and  10  p.c.  the  mean  difference  of  s,  corresponding  with 
1  p.c.  =  49-8,  between  20  and  30  p.c.  =  52*1,  and  between  30  and 
40  p.c.  =47*5,  judging  from  the  results  of  experiment.  The  inter- 
mediate solution,  HC1,6H20,  is  further  distinguished  by  the  fact  that 
the  variation  of  the  specific  gravity  with  the  variation  of  temperature  is 
a  constant  quantity,  so  that  the  specific  gi-avity  of  this  solution  is  equal 
to  11352-7  (1-0-0004470,  where  0-000447  is  the  modulus  of  expan- 
sion of  the  solution. ^^     In  the  case  of  more  dilute  solutions,  as  with 

hydrochloric  acid  show  that  the  coefficient  of  diffuHion  A'  decreases  with  the  amount  of 
water  /?,  if  the  composition  of  the  solution  is  HC1«H,.0  at  0^: — 


n  -= 

5 

61) 

{>-H 

14 

271 

12JV5 

k  = 

2-31 

2()H 

l-8« 

1(57 

ir.2 

1-39 

It  also  appears  that  strong  solutions  diffuse  more  rapidly  into  dilute  solutionrj  tlian 
into  water. 

^^  If  it  be  admitted  that  the  maxinmm  of  the  differential  corresponds  with  HC1,6H,.0, 
then  it  might  be  thought  that  the  specific  gi-avity  is  expressed  by  a  parabola  of  the  third 
order  ;  but  such  an  admission  does  not  give  expressions  in  accordance  with  reality,  either 
in  this  or  especially  in  those  cases  (solutions  of  alcohol  and  sulphuric  acid)  wliere  the 
data  for  the  six'cific  gravities  are  established  with  great  accuracy,  as  is  more  fully  con- 
sidered in  my  work  mentioned  on  page  (>."». 

•••^  As  in  water,  the  modulus  of  expansion  (or  the  quantity  k  in  the  expression 
S/-  S„—  A'S,,/,  or  Vi--  \/{\  —  ki),  and  if  the  variation  of  the  specific  gravity  l>e  non- 
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water,  the  specific  gravity  at  P    for  the  differential  ^*  j    rises  with  a 

rise  of  temperature,  for  the  difference  l^etween  iS'o  — 'S',.,  and  aS, 5-/8*30 
(i.e.  the  difference  l)etween  the  specific  gravities  at  0**,  15®,  and  30°) 
varies  as  follows  :  ^ ' 

p=     0  5  10         15         20 

^'^,-,S',3=    7-1         23         38         52         64 

'S^i5-'S^3o=33-9         42         50        59        67 

Whilst  for  solutions  which  contain  a  greater  proportion  of  hydrogea 
chloride  than  HC1,6H20,  these  coefl&cients  decrease  with  a  rise  of 
temperature  ;  for  instance,  for  30  p.c.  of  hydrogen  chloride  Sq—Si^^^^SH 
and  «5i5  —  <S^3o=  87  (according  to  Marignac's  data).  In  the  case  of 
HC1,6H20  these  differences  are  constant,  and  equal  76. 

Thus  the  formation  of  two  definite  hydrates,  HC1,2H20  and 
HC1,6H20,  between  hydrochloric  acid  and  water  may  be  accepted 
upon  the  basis  of  many  facts.  But  both  of  them,  inasmuch  as  they 
occur  in  a  liquid  state,  dissociate  vith  great  facility  into  hydrogen 
chloride  and  water,  and  are  completely  decomposed  when  distilled. 

All  solutions  of  hydrochloric  acid  present  the  properties  of  an 
energetic  acid.  They  not  only  transform  blue  vegetable  colouring; 
matter  into  red,  and  disengage  car]x)nic  acid  gas  from  carbonates,  tjcc.,. 
but  they  also  entirely  saturate  bases,  even  such  energetic  ones  as  pot- 
uniform,  then  the  modulus  of  expansion  must  be  taken  as  -  (U/dtSo)  attains  a  magnitude- 
0000447  at  about  48=,  it  might  be  thought  that  at  48^  all  solutions  of  hydrochloric  acid 
would  have  the  same  modulus  of  expansion,  but  in  reality  this  is  not  the  case.  At  low 
and  the  ordinarv'  temperatures  the  modulus  of  expansion  of  aqueous  solutions  is  greater 
than  that  of  water,  and  the  greater  it  is  the  greater  the  amount  of  tlie  substance  dissolved 
(for  this  reason  the  temperature  of  maximum  density,  when  the  modulus  =  0,  is  lowered 
by  solution).  But  for  water  the  modulus  of  expansion  {—ds/diS,,)  rises  rapidly  with  the 
temperature,  whilst  for  solutions  the  increase  in  much  slower  (or  even  falls,  as  for 
sulphuric  acid  or  fuming  hydrochloric  acid),  and  therefore  at  a  certain  temperature  t  the 
modulus  of  solutions  becomes  equal  to  tliat  of  water.  This  temperature  may  be  termed 
the  '  characteristic  temperature.'  For  solutions  of  sodium  chloride  it  is  about  68<^,  for 
lithium  chloride  SO",  for  potassium  nitrate  about  80°,  for  weak  solutions  of  sulphuric 
acid  about  68".  In  order  to  illustrate  this  by  an  example  I  will  insert  the  magni- 
tudes of  denomination  of  ex]>anKion  (multiplied  by  10000)  of  solutions  of  sodium 
chloride : — 


0'^ 

20° 

50° 

60° 

80° 

100^ 

Water  . 

.     -065 

207 

8-64 

511 

6-25 

700 

10  p.c.  NaCl 

2-8 

8-4 

4-8 

50 

5-7 

6-3 

20  p.c.  . 

.        8-6 

40 

4-5 

50 

5-4 

5-8 

**  Tlie  figures*  cited  alx)ve  may  serve  for  the  direct  determination  of  the  variation  of 
the  specific  gravity  of  solutions  of  hydrochloric  acid  with  the  temperature,  because  we 
may  take  St  =  .S'„  -  t  (A—Bt).  Thus,  knowing  that  at  15®  the  specific  gravity  of  a 
10  p.c.  solution  of  hydrochloric  acid  =  10492,  we  find  that  at  /°  it  =  10580-  /(2-18  +  00270- 
Whence  also  may  be  found  the  modulus  of  expansion  (Note  40). 
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ash,  lime,  tkc.    In  a  dry  state,  however,  hydrochloric  acid  does  not  alter 
vegetable  dyes,  and  does  not  accomplish  many  double  decompositions 
which  easily  take  place  in  the  presence  of  water.     This  is  explained  by 
the  fact  that  tho  gaso-elastic  state  of  the  hydrochloric  acid  prevents  its 
entering  into  reaction.     However,  incandescent  iron,  zinc,  sodium,  tStc., 
act  on  gaseous  hydrochloric  acid,  displacing  the  hydrogen  and  leaving 
half  a  volume  of  hydrogen  against  one  volume  of  hydrochloric  acid  gas ; 
this  reaction  may  serve  for  determining  the  composition  of  hydrochloric 
acid.     Combined  with  water  the  hydrochloric  acid  gas  is  deprived  of  its 
elasticity,  and  loses  a  considera])le  amount  of  heat  in  its  passage  into 
a  liquid  and  combined  state.      It  then  acts  as  an  acid  which  much 
resembles  nitric  acid  *^  in  its  energy  and  in  many  of  its  reactions  ;  how- 
ever, the  latter  contains  oxygen,  which  is  disengaged  with  great  ease, 
and  so  very  frequently  acts  as  an  oxidiser,  which  hydrochloric  is  not 
capable  of  doing.     The  majority  of  metals  (even  those  which  do  not 
displace  the  H  from  H2SO4  but  which,  like  copper,  decompose  it  to  the 
limit  of  SO2)  displace  the  hydrogen  from  hydrochloric   acid.      Thus 
hydrogen  is  disengaged  by  the  action  of  zinc,  and  even  of  copper  and 
tin.     Only  a  few  metals  withstand  its  action  ;  for  example,  gold  and 
platinum.    Lead  is  only  acted  on  feebly  in  compact  masses,  because  the 
lead  chloride  formed  is  insoluble  and  prevents  the  further  action  of  tlie 
acid  on  the  metal.     The  same  is  to  bo  remarked  with  respect  to  the 
feeljle  action  of  hydrochloric  acid  on  mercury  and  silver,  because  the 
compounds  of  these  metids,  AgCl  and  HgCl,  are  insoluble  in  water. 
Metallic  chlorides  are  not  only  forme<l  by  the  action  of  hydrochloric 
acid  on  the  metals,  but  also  by  many  other  methods  ;  for  instance,  by 
the  action  of  hydrochloric  acid  on  the  carbonates,  oxides,  and  hydrox- 
ides, and  also  ])y  the  action  of  chlorine  on  metals  and  certain  of  their 
compounds.     Metallic  chlorides  have  a  composition  MCI ;  for  example, 
NaCl,  KCl,  AgCl,  HgCl,  if  the  mebil  replaces  hydrogen  e(|uivalent  for 
equivalent,  or,  as  it  is  said,  if  it  be  monatomic  or  univalent.     In  the  case 
of  bivalent  metals,  they  have  a  composition  MCI.2  ;  for  example,  CaCl^, 
CuCl.2,  PbCl.^,  HgCli,  FeCl^,  MnCl.^.      The  composition  of  the  haloid 
'  salts  of  other  metals  presents  a  further  variation  ;  for  example,  AICI3, 
Fe.^Cl.j,  PtCl|,  ttc.      Many  metals,  as  will  have  been  remarked  in  the 
preceding  examples,  give  several  degrees  of  combination  with  chJt)rine, 
as  with  hydrogen.     In  their  composition  the  metiiUic  chlorides  differ 

*'  ThuH,  for  insUnee,  with  feeble  bases  they  evolve  in  dilute  solutiouK  (Chapter  III. 
Note  58)  iilinost  eciual  amoiintH  of  heat;  their  relation  to  sulphuric  acid  is  (|uite  identical. 
They  both  form  fuming  solutions  as  well  as  hydrates  ;  they  both  form  solutions  of  con- 
stant boiling  iH)int;  in  the  solutions  of  both  (with  HCl,«HjO  and  with  NHOj.SH.^O)  the 
■directicm  of  the  differential  lU/dp  varies,  il'c. 
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fruin  the  corresponding  oxide?*  in  that  the  O  [h  repUirced  by  Cl^,  as 
should  follow  from  the  liiw  of  sut>stitutiony  l^ecause  oxygen  gives  OH-j 

and  is  eonses|ueotly  bivah-nt,  whilst  chlonne  forms  HCl,  and  is  there- 
fore univalent.  Hi»,  for  instante,  ferrfjus  nxide»  FeU,  corresponds  with 
ferry  us  chloride,  FeCl.^,  and  the  oxide  Fe.j^Jj  with  ferric  chloritle,  which 
is  also  seen  from  the  origin  of  these  compounds,  because  FeCl^  is  ob* 
tained  by  the  action  of  hydrochloric  acid  on  ferrous  oxide  or  carbonate 
and  FeClj  by  its  action  on  ferric  oxide.  The  action  of  hydrochloric 
acid,  like  that  of  every  acid,  on  imsic  oxides,  MO,  and  in  general  on 
M„0,^,  consists  in  a  double  decomposition,  water,  ntH.^O,  and  a  metallic 
chloride,  M„CI.^„„  Wio'^'  fitrmed.  Ilydn ►chloric  acid,  HCl,  acts  in  the 
same  manner  on  the  hydro xide,r5  of  tlie  bases  M^(OH).j„  -t-  2w*HCl 
=  2mK^O  -f  M„C1^^,  and  on  carbonates,  for  instance,  Na^CO;,  4-  "JHCl 
s=  *2NaCl  -r  HjO  4-  CO.M  In  a  word,  all  the  typical  properties  of 
acids  are  shown  l>y  hydr*M:hl<jric  acid,  and  all  the  typical  prn|>ertie8 
of  salts  in  the  met^illic  chlorides  denved  from  it.  Acids  and  salts 
€omp<«ed  like  HCl  and  M,,Cl.^^,  without  any  oxygen  bear  the  name  of 
Moid  salts  ;  for  instance,  HCl  is  a  healoirl  acid,  NaCl  a  haloid  salt, 
chlonne  a  halogen.  Certain  higher  degrees  of  combination  of  chlorine 
with  the  metals  dtsent'age  chhirine  when  heated  to  redness  :  for  in- 
stance, the  salt  CuCLj  is  converted  into  CuCL  The  capticity  of  hydro- 
chloric  acid  to  give,  by  its  action  on  bases,  MU,  a  metallic  chloride, 
MCl^,  and  water',  is  limite<l  at  high  temperatures  by  the  reverse  i"©- 
action  MCl.^  -h  H/)  ^  MO  -|-  2HC1,  and  the  more  pi"onounced  ai-e 
the  basic  properties  of  MO  the  feebler  is  the  reverse  reaction,  while 
for  feebler  Imses  such  as  Al^^),,  MgO,  *fcc.,  this  reverse  reaction  pro- 
ceeds with  ease.  In  thLs  manner  Deville  obtained  crystals  of  the 
amorphous  uxides  Fe.^O,,  SnO^,  *fcc.,  by  passing  a  slow  current  of 
hydrogen  chluride  over  them  at  a  red  heat  ;  FegCl^j  and  SnCl^  were 
tnomentarily  foi^med,  but  were  again  decomposed  by  the  water  lilj>erat-ed 
and  the  liberated  oxirles  were  sejwirated  as  crystals.  Metallic  chlorides 
corresponding  with  the  peroxides  either  do  not  exist,  or  are  easily  decom- 
posed with  the  disengagement  of  chlorine.  Thus  there  is  no  compound 
BaClt  corresponding  with  the  oxide  BaOj,  Metallic  chlorides  having 
the  general  aspect  of  salts,  hke  their  i-epresentative  sodium  chloride, 
are,  as  a  nde,  easily  fusible,  more  so  than  the  oxides  (for  instance,  CaO 
is  infusible  whilst  CaCLj  is  easily  fused),  and  many  other  salts.  Under 
the  action  of  heat  many  are  more  stable  tlian  the  oxides,  many  are  even 
converted  into  vajKmr  ;  thus  corrosive  suljlimate,  HgCl.^,  is  pjirticularly 
volatile,  whilst  th«>  oxide  HgO  decomposes  at  a  red  heat.  Silver  chloride, 
Ag(  'I,  is  fusible  and  is  decomposed  with  lUffictdty,  wldlst  Ag^O  is  easily 
decom paused.      The  majority  of   the  metallic  chlorides  are  soluble  in 
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water,  but  silver  chloride,  cuprous  chloride,  mercurous  chloride,  and 
lead  chloride  are  sparingly  soluble  in  water,  and  are  therefore  easily 
obtained  as  precipitates  when  a  solution  of  the  salts  of  these  metals  is 
mixed  with  a  solution  of  any  chloride  or  even  with  hydrochloric  acid. 
The  metal  contained  in  a  haloid  salt  may  often  be  replaced  by  another 
metal,  or  even  by  hydrogen,  just  as  is  the  case  with  a  metal  in  an 
oxide.  Thus  copper  displaces  mercury  from  a  solution  of  mercuric 
chloride,  HgClj  -f-  Cu  =  CuClj  +  Hg  ;  thus  hydrogen  at  a  red  heat  dis- 
places silver  from  silver  chloride,  2AgCl  -f  Hg  =  Agj  +  2HC1.  These, 
and  a  whole  series  of  similar  reactions,  form  the  typical  methods  .of 
double  saline  decompositions.  The  measure  of  decomposition  and  the 
conditions  under  which  one  or  the  other  side  of  reactions  of  double 
saline  decompositions  proceeds  (for  instance,  whether  a  metal  and  an 
acid  give  hydrogen  and  a  salt  or  the  reverse)  are  determined  by  the 
properties  of  the  compounds  which  are  in  action,  and  which  are  able 
to  be  formed  at  the  temperature,  Jbc,  as  was  shown  when  speaking  of 
sodium  chloride,  and  as  will  be  frequently  found  hereafter. 

If  hydrochloric  acid  enters  into  double  decomposition  with  basic 
oxides  and  their  hydrates,  this  is  only  due  to  its  acid  properties  ;  and 
for  the  same  reason  it  rarely  enters  into  double  decomposition  with 
acids  and  acid  anhydrides.  Sometimes,  however,  it  combines  with  the 
latter,  as,  for  instance,  with  the.  anhydride  of  sulphuric  acid,  forming 
the  compound  SO3HCI  ;  and  in  other  cases  it  acts  on  acids,  giving  up 
its  hydrogen  to  their  oxygen  and  forming  chlorine,  as  will  be  seen  in 
the  following  chapter. 

Hydrochloric  acid,  as  may  already  be  concluded  from  the  compo- 
sition of  its  molecule,  belongs  to  the  monobasic  acids,  and  does  not, 
therefore,  give  true  acid  salts  (like  HNaS04  or  HNaCOg)  ;  nevertheless 
many  metallic  chlorides,  formed  from  ix)werful  bases,  are  capable  of 
combining  with  hydrochloric  acui,  just  as  they  combine  with  water, 
or  with  ammonia,  and  as  they  give  double  salts.  Compounds  have  long 
been  known  of  hydrochloric  acid  with  auric,  platinic,  and  antimo- 
nious  chlorides,  and  other  similar  metallic  chlorides  corres{K)nding 
with  very  feeble  bases.  But  Berthelot,  Engel,  and  others  have  shown 
that  the  capacity  of  HCl  for  combining  with  M,,Cl„j  is  much  more 
frequently  encountered  than  was  before  supposed.  Thus,  for  instance, 
dry  hydrochloric  acid  when  ptissed  into  a  solution  of  zinc  chloride 
(containing  an  excess  of  the  salt)  gives  in  jthe  cold  (0°)  a  compound 
HCl,ZnCl.^,2H20,  and  at  the  ordinary  temperature  HCl,2ZnCl.^,2H./), 
just  as  it  is  able  at  low  temperatures  to  form  the  crystallo-hydrate 
ZnCljySHjO  (Engel,  1886).  Similar  compounds  are  obtained  with 
CdCl^,  CuClj,  HgCl.^,  Fc^Clg,  &c.  (Berthelot,  Ditte,  Cheltzoff,  Lachinoff, 
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and  others).  These  compounds  with  hydrochloric  acid  are  generally 
more  soluble  in  water  than  the  metallic  chlorides  themselves,  so  that 
whilst  hydrochloric  acid  decreases  the  solubility  of  MCl,^,  correspond- 
ing with  energetic  Imses  (for  instance,  sodium  or  barium  chlorides),  it 
increases  the  solubility  of  the  metallic  chlorides  corresponding  with 
feeble  bases  (cadmium  chloride,  ferric  chloride,  <kc.).  Silver  chloride, 
which  is  insoluble  in  water,  is  soluble  in  hydrochloric  acid.  Hydro- 
chloric acid  also  combines  with  certain  unsaturated  hydrocarbons  (for 
instance  with  turpentine,  C,oH|g2HCl)  and  their  derivatives.  Sal- 
<imnionia€y  or  ammonia  hydrochloride,  NH4CI  =  NHjjHCl,  also  belongs 
to  this  class  of  compounds.^^  If  dry  hydrogen  chloride  be  mixed 
with  dry  ammonia,  a  solid  compound  formed  from  equal  volumes  of 
tjach  is  immediately  formed.  The  same  compound  is  formed  on  mixing 
^utions  of  the  two  gases.  It  is  also  produced  by  the  action  of 
hydrochloric  acid  on  ammonium  carbonate.  Sal-ammoniac  is  usually 
prepared  by  the  last  method  in  practice. "*"*  The  specific  gravity  of  sal- 
4immoniac  is  1*55.     We  have  already  seen  (p.  253)  that  sal-ammoniac, 

*^  Wlien  an  unsaturated  hydrocarbon,  or,  in  general,  an  unsaturated  compound, 
assimilates  to  itself  the  molecules  Cl^,  HCl,  SO5,  H.^SO^,  tfrc,  the  cause  of  the  reaction 
is  most  simple.  As  nitrogen,  besides  the  type  NX.-^  to  which  NH3  belongs,  forms  com- 
pounds of  the  form  NX5 — for  example,  NO,|(OH) — therefore  the  formation  of  the  salts  of 
4unmonium  should  be  understood  in  this  sense.  NH3  gives  NH4CI  because  NXj  is 
capable  of  giving  NX5.  But  as  saturated  compounds — for  instance,  HCl,  H-jO,  NaCl, 
&c. — are  also  capable  of  combination  even  between  themselves,  therefore  it  is  impossible 
to  deny  the  capacity  of  HCl  also  for  combination.  SO3  combines  with  H^O,  and  also  with 
HCl  and  the  unsaturated  hydrocarbons.  It  is  impossible  to  see  the  limit  here,  which  it 
was  lately  wished  to  establish,  by  distinguishing  atomic  from  molecular  compounds,  and 
regarding,  for  instance,  PCI3  as  an  atomic  compound  and  PCI5  as  a  molecular  one,  only 
because  it  easily  splits  up  into  molecules  PCI3  and  Cl.^. 

**  Sal-ammoniac  is  prepared  from  ammonium  carbonate,  obtained  in  the  dry  distilla- 
tion of  nitrogenous  substances  (Chapter  VI.),  by  saturating  the  resultant  solution  with 
hydrochloric  acid.  A  solution  of  sal-ammoniac  is  thus  produced,  it  is  evaporated,  and 
in  the  residue  a  mass  is  obtained  containing  a  mixture  of  various  other,  especially  tarry, 
products  of  dry  distillation.  The  sal-ammoniac  is  generally  purified  by  ^sublimation. 
For  this  purpose  iron  vessels  covered  with  semispherical  metallic  covers  are  employed, 
or  else  simply  clay  crucibles  covered  by  other  crucibles.  The  upper  portion,  or  helmet, 
of  the  apparatus  of  this  kind  will  have  a  lower  temperature  than  the  lower  portion,  which 
is  under  the  direct  action  of  the  flame.  The  sal-ammoniac  volatilises  when  heated,  and 
settles  on  the  cooler  portion  of  the  apparatus.  It  is  thus  purified  from  many  impurities, 
and  is  obtained  as  a  crystalline  crust,  generally  several  centimetres  thick,  in  which  form 
it  is  generally  sold. 

In  order  to  demonstrate  the  very  iiistnictive  formation  of  solid  sal-ammoniac  from 
the  gases  NH- +  HCl  we  may  proceed  as  follows :  A  thin  glass  tube  is  filled  with  ammonia 
iind  closed  with  a  cork,  tuid  placed  in  a  thick  glass  cylinder  into  which  a  rapid  stream  of 
hydrogen  chloride  is  introduced  and  is  then  closed  with  a  cork ;  the  inside  tube  is  then 
broken  by  violently  shaking  the  apparatus.  The  ammonium  chloride  is  obtained  in  white 
Makes.  A  glass  rt>d,  or  paper  moistened  with  hydrochloric  acid,  also  gives  a  distinct 
(rloud  of  sal-tunmonioc  when  held  over  the  mouth  of  a  bottle  containing  a  strong  solution 
^)(  ammonia. 
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like  all  other  ammonium  salts,  easily  decomposes  ;  for  instance,  by 
volatilisation  with  alkalis,  and  even  partially  when  its  solution  is 
boiled.  But  at  higher  temperatures  ammonia  decomposes  with  the 
liberation  of  hydrogen,  and  therefore  ammonia  is  then  able  to  act 
as  a  reducing  agent — as,  for  example,  on  metallic  oxides.  The  other 
properties  and  reactions  of  sal-ammoniac,  especially  in  solution,  fully 
bring  to  mind  what  has  been  already  mentioned  in  speaking  of  sodium 
chloride.  Thus,  for  instance,  with  silver  nitrate  it  gives  a  precipitate 
of  silver  chloride  ;  with  sulphuric  acid  it  gives  hydrochloric  acid  and 
ammonium  sulphate,  and  it  forms  double  salts  with  certain  metallic 
chlorides  and  other  salts.^'* 

^  The  solubility  of  sal-ammoniac  in  100  parts  of  water  (according  to  Alluard)  is — 
0°  10°  2(P         80°  40°  60°  80°  100°  110° 

28-40      82-48      3728      41-72  46  65  64  78  77 

A  saturated  solution  boils  at  115-8°.  Tlie  specific  gravity  at  16°/4°  of  solutions  of  sal- 
ammoniac  (water  4°  =  10000)  =  9991*6 +  81-26p-0-085p*,  where;)  is  the  amount  by  weight 
of  ammonium  chloride  in  100  parts  of  solution.  With  the  majority  of  salts  the  differen- 
tial ds/dp  increases,  but  here  it  decreases  with  the  increase  of  j).  For  (unlike  the 
sodium  and  potassium  salts)  a  solution  of  the  alkali  ;)?i/«  a  solution  of  acid  occupy  a 
greater  volume  than  that  of  the  resultant  ammonium  salt.  In  the  solution  of  tolid 
ammonium  chloride  a  contraction,  and  not  expansion,  generally  takes  place.  It  may 
further  be  remarked  that  Kolutiona  of  sal-ammoniac  have  an  acid  reaction  even  when 
prepared  from  the  salt  remuiniiijr  after  prolonged  washing  of  the  sublimed  salt  with 
water  (A.  Stoherbakoff ). 


458 


CHAPTER  XI 

TUE   HALOGENS  I   CHLORINE,   BROMINE,    IODINE,   AND  FLUORINE 

Although  hydrochloric  acid,  like  water,  is  one  of  the  most  stable 
substances,  it  is  nevertheless  decomposed  not  only  by  the  action  of  a 
galvanic  current  *  but  also  by  a  rise  of  temperature.  Sainte-Claire  Devillo 
showed  that  decomposition  already  occurs  at  1300°,  because  a  cold  tube 
.(p.  388)  covered  with  an  amalgam  of  silver  absorbs  chlorine  in  a  red- 
hot  tube,  and  the  escaping  gas  contains  hydrogen.  Meyer  and  Langer 
(1885)  observed  the  decomposition  of  hydrochloric  acid  at  1690°  in  a 
platinum  vessel ;  the  decomposition  in  this  instance  was  proved  not 
only  from  the  fact  that  hydrogen  permeated  through  the  platinum 
(p.  141),  owing  to  which  the  volume  was  diminished,  but  also  from 
Hjhlorine  being  obtained  in  the  residue  (the  hydrogen  chloride  waa 
jnixed  with  nitrogen),  which  liberated  iodine  from  potassium  iodide.* 
The  usual  method  for  the  preparation  of  chlorine  consists  in  the 
Abstraction  of  the  hydrogen  by  oxidising  agencies. 

The  acid  properties  of  hydrochloric  acid  were  known  when 
Lavoisier  pointed  out  the  formation  of  acids  by  the  combination  of 
water  with  the  oxides  of  the  non-metals,  and  therefore  there  was  reason 
for  thinking  that  hydrochloric  acid  was  formed  by  the  combination  of 
water  with  the  oxide  of  some  element.  Therefore  when  Scheele 
•obtained  chlorine  by  the  action  of  hydrochloric  acid  on  manganese 
peroxide  he  considered  it  as  the  acid  contained  in  common  salt.  When 
it  became  known  that  chlorine  gives  hydrochloric  acid  with  hydrogen, 
Lavoisier  and  Berthollet  supposed  it  to  be  a  compound  with  oxygen  of 
4in  anhydride  contained  in  hydrochloric  acid.  They  supposed  that 
iiydrochloric  acid  contained  water  and  the  oxide  of  a  particular  radicle 

^  The  decomposition  of  fused  sodium  cliloride  by  an  electric  current  has  been  pro(x>8ed 
in  America  and  Russia  (N.  N.  Beketoff)  as  a  means  for  tlie  preparation  of  chlorine  and 
sodium.  A  strong  solution  of  liydrochloric  acid  is  decomposed  into  equal  volumes  of 
chlorine  and  hydrogen  by  the  action  of  an  electric  current. 

^  To  obtain  so  high  a  temperature  (at  which  tlie  best  kinds  of  porcelain  soften)  Langer 
and  Meyer  employed  the  dense  graphitoidal  carbon  from  gas  retorts,  and  a  strong  draught. 
They  determined  the  temperature  by  the  alteration  of  the  volume  of  nitrogen  in  the 
platinum  vessel,  for  it  does  not  permeate  through  platinum,  aud  is  not  altered  by  heat. 
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and  that  chlorine  was  a  higher  degree  of  oxidation  of  this  radicle 
muriaa  (from  the  Latin  name  of  hydrochloric  acid,  acidum  muricUi- 
cum).  It  was  only  in  1811  that  Gay-Lussac  and  Thenard  in  France 
and  Davy  in  England  arrived  at  the  conclusion  that  the  substance 
obtained  by  Scheele  does  not  contain  oxygen,  nor  under  any  conditions, 
give  water  with  hydrogen,  and  that  there  is  no  water  in  hydrochloric 
acid  gas,  and  therefore  concluded  that  chlorine  is  an  elementary 
substance.  They  named  it  *  chlorine '  from  the  Greek  word  ;(A.<opo9, 
signifying  a  green  colour,  because  of  the  peculiar  colour  by  which  this, 
gas  is  characterised. 

An  aqueous  solution  of  hydrochloric  acid  is  generally  employed  for 
the  evolution  of  chlorine.  The  hydrogen  has  to  be  abstracted  from  the 
hydrochloric  acid.  This  is  accomplished  by  nearly  all  oxidising 
substances,  and  especially  by  those  which  are  able  to  evolve  oxygen  at 
a  red  heat  (besides  bases,  such  as  mercury  and  silver  oxides,  which  are 
able  to  give  salts  with  hydrogen  chloride);  for  example,  manganese 
peroxide,  potassium  chlorate,  chromic  acid,  &c.  The  decomposition 
essentially  consists  in  the  oxygen  of  the  oxidising  substance  displacing- 
the  chlorine  from  2HC1,  forming  water,  H^O,  or  taking  up  the  hydrogen 
and  setting  the  chlorine  free,  as  is  sometimes  said,  2  HCl  +  O  (disengaged 
by  the  oxidising  substances)=H20  +  Cl.j.  Even  nitric  acid  partially 
produces  a  like  reaction,  but  as  we  shall  afterwards  see  its  action  is 
more  complicated,  and  it  is  therefore  not  suitable  for  the  preparation  of 
pure  chlorine.  But  other  oxidising  substances  which  do  not  give  any 
other  volatile  products  with  hydrochloric  acid  may  be  employe<l  for 
the  preparation  of  chlorine.  Among  these  may  be  mentioned  : 
potassium  chlorate,  acid  potassium  chromate,  sodium  manganate, 
manganese  peroxide,  *fcc.  Manganese  peroxide  is  commonly  employed 
in  the  laboratory,  and  on  a  large  scale,  for  the  preparation  of  chlorine. 
The  chemical  process  which  proceeds  in  this  case  may  be  represented 
as  follows  :  an  exchange  takes  place  between  4HC1  and  MnO.^,  in 
which  the  manganese  takes  the  place  of  the  four  atoms  of  hydrogen,  or 
the  chlorine  and  oxygen  exchange  places-  that  is,  MnCl,  and  2H.2O  are 
produced.  The  chlorine  compound,  MnCl4,  obtained  is  very  unstable  ; 
it  splits  up  into  chlorine,  which  as  a  gas  passes  from  the  sphere  of 
action,  and  a  lower  compound  containing  less  chlorine  than  the 
substance  first  formed,  and  which  remains  in  the  apparatus  in  which 
the  mLxture  is  heated,  MnCl,=MnC1.2  +  Cl2.^      The  action  of  hydro- 

'•  TluH  ropreHeiitatioii  of  the  procoHS  of  the  reaction  is  the  inoHt  natural.  However, 
this  decomposition  is  generally  represented  as  if  chlorine  gave  only  one  degree  of  combi- 
nation with  manganese,  MnCl.,,  and  therefore  directly  reacts  in  the  following  manner — 
MnO.,  +  4HC1  ^  MnCl,  +  2H.^0  +  Cl^,  in  which  case  it  is,  as  it  were.  9Upi>osed  that 
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chloric  acid  requires  a  temperature  of  about  1 00".  In  the  laboratory 
the  preparation  of  chlorine  is  carried  on  in  flasks,  heated  over  a  water 
bath,  by  acting  on  manganese  peroxide  with  hydrochloric  acid  or  a 

mangaueue  peroxide,  MnO.^,  breakn  up  into  manganous  oxide,  MuO,  and  oxygen,  both  of 
which  react  with  hydrochloric  acid,  the  manganous  oxide  acting  as  a  base,  MnO  +  2HC1b= 
MnCl.2  +  H.p,  and  at  the  same  time  2HC1  +  O  =  H.^0  +  Cl.j.  In  reality  a  mixture  of 
oxygen  and  hydrochloric  acid  does  give  chlorine  at  a  red  heat,  and  this  may  also  take 
place  at  the  moment  of  its  evolution  in  this  case. 

All  the  oxides  of  manganese  (Mn-^Os,  MnO.^,  MnO;;,  Mn.jOj),  with  the  exception  of  num- 
ganous  oxide,  MnO,  disengage  chlorine  from  hydrochloric  acid,  because  manganous  chloride, 
MnCl^,  is  the  only  compound  of  chlorine  and  manganese  which  exists  as  a  stable  compound, 
all  the  higher  chlorides  of  manganese  being  unstable  and  evolving  chlorine.  The  reaction 
between  hydrochloric  acid  and  salts  containing  much  oxygen  is  explained  according  to  the 
law  of  substitution  by  the  double  decomposition  and  instability  of  the  higher  chlorides ; 
thus,  for  example,  by  taking  potassium  dichromate,  KjCr^O;,  a  compound,  K^CraClH, 
might  be  formed,  but  it  is  unknown,  and  if  it  is  formed  it  in  all  probability  immediately 
decomposes  into  chlorine,  6C1,  potassium  chloride,  2KC1,  and  chromium  chloride,  Cr^Cle. 
Hence  we  here  encounter  two  circumstances :  (1)  a  substitution  between  oxygen  and  chlo- 
rine, and  (2)  the  instability  of  those  higher  chlorine  compounds.  Both  these  circum- 
stances have  a  very  important  signification  for  the  comprehension  of  the  relation  of 
such  elements  as  chlorine  and  oxygen.  As  (according  to  the  law  of  substitution)  in  the 
substitution  of  oxygen  by  chlorine,  CI.^  takes  the  place  of  O,  therefore  the  chlorine  com- 
pounds will  contain  in  themselves  more  atoms  than  the  corresponding  oxygen  compound^. 
It  is  not  surprising,  therefore,  that  certain  of  the  chlorine  compounds  corresponding  with 
oxygen  compounds  do  not  exist,  or  if  they  are  formed  are  very  unstable.  And  further- 
more, an  atom  of  chlorine  is  heavier  than  an  atom  of  oxygen,  and  therefore  a  given 
element  would  have  to  retain  a  large  mass  of  chlorine  if  in  the  higher  oxides  the  oxygen 
were  replaced  by  chlorine.  For  this  reason  equivalent  compounds  of  chlorine  do  not 
exist  for  all  oxygen  compounds.  Many  of  the  former  are  immediately  decomposed,  when 
formed,  with  the  evolution  of  chlorine.  Therefore  chlorine  is  evolved  by  the  action  of 
hydrochloric  acid  on  compounds  which  contain  much  oxygen.  From  this  it  is  evident  that 
there  should  exist  such  chlorine  comiwunds  as  would  evolve  chlorine  as  peroxides  evolve 
oxygen,  and  indeed  a  large  number  of  such  compounds  are  known.  Amongst  them  may 
be  mentioned  antimony  pentachloride,  SbClj,  which  splits  up  into  chlorine  and  antimony 
trichloride  when  heated.  Cupric  chloride,  corresponding  with  copper  oxide,  and  having 
a  composition  CuCl^,  similar  to  CuO,  when  heated  parts  with  half  its  chlorine,  just  as 
barium  peroxide  evolves  half  its  oxygen.  This  method  may  even  be  taken  advantage  of 
for  the  preparation  of  chlorine  and  cuprous  chloride,  CuCl.  The  latter  attracts  oxygen  from 
the  atmosphere,  and  in  so  doing  is  converted  from  a  colourless  substance  into  a  green 
compound  whose  composition  is  Cu-^CliO.  With  hydrochloric  acid  this  substance  gives 
cupric  chloride  (Cu^Cl.O  4  2HC1  =  H^O  +  2CUCI2),  which  has  only  to  be  dried  and  heated, 
and  it  again  evolves  chlorine.  Thus,  in  solution,  and  at  the  ordinary  temperature,  the 
compound  CuCl^  is  constant,  but  when  heated  it  splits  up.  On  this  property  is  founded 
Deacon's  process  for  the  preparation  of  chlorine  from  hydrochloric  acid  by  the  aid  of  air 
and  copx^er  salts,  by  passing  a  mixture  of  air  and  hydrocliloric  acid  at  about  440^  over 
bricks  soaked  with  a  solution  of  a  copi)er  salt  (a  mixture  of  solutions  of  CUSO4  and  Na2S04). 
CuClj  is  then  formed  by  the  double  decomposition  of  the  salt  of  copper  and  the  hydro- 
chloric acid ;  the  CuCl^  liberates  chlorine,  and  the  CuCl  forms  Cu.^Cl^O  with  the  oxygen  of 
the  air,  which  again  gives  CuCl.^  with  2HCI,  and  so  on. 

Magnesium  chloride,  which  is  obtained  from  sea-water,  camallite,  &c.,  may  nerxe  not 
only  as  a  means  for  the  preparation  of  hydrochloric  acid,  but  also  of  chlorine,  because 
(Weldon-Pechiny's  process)  its  basic  salt  (magnesium  oxychloride)  when  heated  in  the 
air  gives  magnesium  oxide  and  chlorine.  Chlorine  is  now  prepared  on  a  large  scale  by 
this  method. 
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mixture  of  t.-i>iiimon  salt  and  sulphuric  ncid  *  and  waKhin^'  the  gas  witlj 
wat^r  to  remove  hyrlrochlorie  acid.  The  action  of  hy^^lrochloinc  acid  on 
bleaching  powder  (p.  161)  gives  chlorine  without  tlie  aid  of  heat 
CaCl20.j  +  4HCl=CaCl,-f  2HaO-f2Cla,  and  is  therefore  also  t^kei] 
advantage  of  in  tlie  laboratory  for  the  preparfition  of  chlorine.* 
Chlorine  cannot  be  collected  over  mercury ,  because  it  com  bines  with  i^ 
as  with  many  other  metalsi,  and  it  is  soluljle  in  water  ;  however,  it 
but  slightly  eoluble  in  hot  water  or  brine.  Owing  to  its  great  weighty 
chlorine  may  he  clirectly  collected  io  a  dry  ves.sel  Vty  introducing  the' 
gas-eonducting  tube  into  the  bottom  of  the  vessel.  Tiir  chlorine  ^ll_ 
lie  in  a  heavy  layer  at  the  bottom  of  the  vessel,  displace  the  air,  an 
the  extent  to  which  it  fills  the  vessel  may  be  followed  by  its  colour.* 

*  The  followinj;  i>rn|>tjrtK>u8  ure  ihi^n  taken  by  Wfiji^ht :  U  piirts  of  powtk^red  mati^ 
ne»et  peroxirle^  4  partH  of  mill  (beut  ftik^ed,  to  prevent  Ha  frot1i{ng)i  lUifl  i*  portH  of  sulpburk 
Hcid  pre\  inuKly  mixfd  with  5  partH  of  waten     It  in  henliHl  io  n  salt  Imtb,  ao  a* to  obmin 
teinperiLture  nlifive  WiY  .     The  torkis  in  the  apparatuH  munt  U'  ^mkod  in  paraffin  iolher 
wise  they  vurt*  corrnflt'd  hy  Iheehloriupf,  and  hhick  jmliii-rtitdwr  tuhinj^mUBtho  iakeii,  Aii4 
iiotvulcHuiBtid  (whkh  coniiuiii^i  sulphur,  and !>ecomeH brittle iiiidiT the iirtionaf  ihi^cUlorinjeJii 

The   rettction  which    proteedR  may  be  fxpresHi'd  Um»  :    MnDi  ^  2XiiCl  —  iiHjSO^i - 
MnSO^-r  NitjSOi +  *iHoO  + Cl.j.     The  iiieiuLrdtiou  of  Clj  fruiii  innii^MLtieHe  pcroxido  iua4 
bydrcK^hkiric  jvcid  wuh  diacovetx^d  by  Sdiei'le,  and  from  Hndiinn  chloride  by  BprthoUet. 

*  The  reliction  of  hydrochloric  acid  on  bleachin^j  |K>wdf'r  in  vrry  v!oh*nt  if  nil  thei 
diL'id  be  lulded  at  t»nce  ;  it  should  be  j>oui"ed  in  drop  by  drop  (Menni%  Kiinime>rer)»l 
C  Winkler  pnipowed  mixiiij^  bleachin^f  jiowder  with  one  quarter  of  bnnit  and  pnwdcireNil 
gypHiini,  viiid  hrtv iug  damped  thtt  niixtnre  witli  wateft  tt>  pnaas  jind  i^ut  it  up  into  cubes  AtidiJ 
<bry  at  the  ordinary  tempcmtnrin  These  t:iib«s  can  be  nwj-d  for  the  prvparatiou  of  chlorip 
in  the  HameapparulnM  asi  that  used  for  ihe  evolution  of  hydrogen  and  carbonic  aiibydrid^ 
— the  di^ngAgt'intJiit  «)f  the  chlorine  proceedH  uniformly. 

A  mixture  of  potaHBiuni  dicbroniate  and  hydi\>chlorie  acid  evolves  chlorine  perfoc«Ujl 
free  from  oxygen  (V.  Mt^yer  and  Langer). 

*  Chlorine  is  manufactured  on  a  lanjt^  scale  from  mangiuieae  peroxide  fuid  hydi'ochlotili 
lund.     It  IK  niobt  conveniently  pre]  14 ued  in  the  arrungemeut  Hhowii  in  fig.  G7t  which  con*  1 

h\si»  of  a  three-necked  earthenware  vessel  whotte  central  orific4!| 
i»  the  largest.     A  clay  or  lead  funnel,  furnlnhed  with  a   ituinl>«cj 
of  oriiiceH,  is.   phi<:ed    in  the   central   wide   iieck  of   Uie 
Houghly-grouniri  hnupH  of  natural  niaxigaut^ae  peroxide  are  pU 
in  the  fnn?n*l,  which  is  then  closed  by  t\ie  cover  Nj  laid   IuUnII 
witVi  clay.    One  orifice  is  closed  by  a  clay  stopjwr,  »ind  ia  uiicid  frtrl 
the  introduction  of  the  hydrochloric  acid  and  withdrawal  of  iliM 
reNidues.     The  chlorine  dinengaged   pjiRnes  along  a  leadeti  i;:nM>>1 
conducting  tube  placed  in  the  other  orifice.     A   row  of    th(*««| 
vcsHela  i&  Burrouuded  by  a   wttter-l>athT   to  euHuiw}  th<>ir  boin 
uniformly  heated.     Manganese  chloride  i*i  f«^und  in  the  n^sidue^i 
In  Weldon't*  process  lime  m  added   to  the  a»  id  RohitioTi  of  inn 
gani^Kt*  ciikiride.     A  double  di'comjjoftition  tnkrrt  pW*?.  recoHln 
in  tlie  formation  of  inauganouK  Iiydroxide  and  cahMum  i  hloride.    When  tlie  insolabll 
manganoUH  hydroxide  hmu  Hettled,  a  further  excenn  of  milk  of  litne  is  added   (to  limk«| 
a  mixture  iiMn(OH>a  +  Cat)  +  jCaClji,  which  in  found  t^ri^^  the  Ihf^sL  proportion,  judpng 
from  exiieriment>,  and  then  air  h  forced  through  the  mixture.     Ilie  hydroride  is  this 
converteil  from  a  colourlesK  to  a  brown  Hi^ibetancef  cmitaining  peroxide,  MnOj,  i^nd  cotM 
of  manganese,  MnjOj.    This  jh  due  to  the  inangeinous  oxide  absorbing  oxyuen  ffom  I 


Fio.  67.- Clay  retort  for 
tUe  prciwriLtinn  of  til i J o- 
riue  oil  a  large  scale: 
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Chlorine  is  a  gas  of  ii  yellowish  gceen  colour,  and  lias  a  \ery 
sufibt^ating  and  characteristic  odour.  On  lowering  the  tcmiperature  to 
—  50*^  or  increasing  the  pressure  lo  six  atmospheres  (at  0°)  chlorine 
condenses'  into  a  liquid  which  has  a  yellowish  green  colour  and  a 
density  oi  1*3,  and  hoils  at  — 34^  The  density  and  atomic  weight  of 
chlorine  is  35%3  times  greater  than  that  of  hydrogen,  hence  the  molecule 
contains  Cl^.'*  At  0*^  one  volume  of  water  dissolves  about  1;^  volumes 
of  chlorine,  at  10^  about  three  volumes,  at  50*  again  li  volumeii.^ 
8ucli  a  solution  of  chlorine  is  termed  *  chlorine  water  * ;  and  is  employed 
ill  a  diluted  furm  in  medicine  and  laljoratory  pi-actice.     It  is  prepared 

air.  Under  the  action  of  hydrochloric  add  thiii  mtxtiirti  evolves  chlorine,  he<*fto«e  of  all 
tlie  componndfi  of  chlorine  iind  mAngfiniiHe  tJie  chloride  MnClj  is  the  only  one  wiiich  in 
«tabltt  (gee  Note  8).  Tha»  one  iind  the  hmiw  umn»  of  ttmtigiintjae  raiiv  bo  repeatedly  ua<-»d 
for  the  prepar»vtion  of  chlorin^^  Thv  i^am^  rcHult  in  ntti&iited  in  tither  w»yM,  If  xnnngA- 
nons  oxide  b«  iiuhject^?d  to  the  iLction  of  oxidef^  of  tutro>^ii  »iik1  ftir  <C'olem«tn'*  prooenis)^ 
then  mtaigiiiiette  nitrate  m  formed,  which  ut  ik  red  lieut  j^ve»  oxides  of  nitrogen  (which  nre 
ngain  UKcd  in  the  proce»iH|  u.nd  inangAnea**  peroxid**,  which  in  thus  renewed  for  the  fresili 
evolution  of  chlorine. 

*  Davy  and  FurU'day  liqueBed  ehlorine  in  1823  by  heating  the  cryatollchliydrtite 
CI^^BH^O  in  ft  bent  tnbe  (like  that  Hhown  in  fig.  45»  p.  248 J,  in  worm  water,  while  the  other 
end  of  the  tube  wa**  inimcrfied  in  a  freeJiing  mixture.  Me«elan  condensed  chlorine  in 
frej*li]y'bumt  chiLrcoal  (placed  in  m  glu^s  tubeji,  which  when  cold  abeorbr*  an  equal  weight 
of  chlorine.  Tlie  tube  was  then  fui^ed  up,  the  bent  end  cooled^  and  thri  rjlmrcoal  be^ited, 
by  which  niean^  the  chlorine  was  expelled  from  ihe  cluu-coal,  and  the  prewKurt-  tncrea^d. 

^  Judging  from  Ludwig's  obs^ienationB  (lH(}H|,^nnd  from  the  fact  that  the  crx'fflcient  of 
expaiJiHion  of  gH»*eh  tucreii8e«  with  their  inolecuUr  weight  (Cbnpter  II.  Note  'iti,  for  hydrogen 
=  01JG7,  carlionic  anhydride  =  0,173,  hydrogen  hrtnnJde  =OiiMfl),it  uiight  beeTtp<?rtedlhat 
the  expanuion  of  chlorine  would  be  greater  than  that  of  air  or  of  the  gaseti  compotiing  it. 
V.  Meyer  and  Langer(18Hn|  having  remarked  tlmt  at  lltH)  the  density  of  chlorine  (taking  itK 
expiUiBion  its  equal  to  that  of  nttrtjgeni  -^20,  conHider  thnt  themoleculen  of  chlorine  »pHt 
up  and  pjartially  give  moleculee  CI,  but  it  miglit  be  thought  that  the  decreAse  in  density 
obeervi^drmly  depends  on  tlie  increatve  rif  the  coefficient  of  exp^msion, 

t*  InveHtigationii  on  the  i;iolubility  of  chlorine  in  water  (the  Aoltitiona  evolve  all  their 
chlorine  on  boiling  and  fnifiHing  air  tlirough  them)  »how  many  diflferent  i>ecttUaritiefe. 
First  Gay-LuBJiac,  and  then  Pelouze,  determined  that  thif  aolubihty  increajMss  between 
0<*  and  8V  to  10  ifrom  l^  to  2  vob.  of  chlorine  per  100  vols,  of  waiter  at  0'  to  » to  2i  at  lO"^). 
In  the  following  note  we  shall  M^e  that  this  iK  not  due  to  tlie  breakiug-up  of  the  hydrate  at 
ulxiut  H'  tcj  U)\  hot  to  its  forruation  below  9°.  RoHcoe  observed  an  increase  in  the  »olu- 
tiilily  of  chlorine  in  the  prfsence  of  hydrogen — even  in  the  dark.  Berthelot  determined 
an  increat^  of  hoI ability  with  the  progress  of  time,  Hchouebein  and  others  liuppom*  that 
chlorine  ivcta  on  water,  forming  hyjiochloroue  and  hydnxihloric  acid*  ^HClO-r  HCl), 

The  equilibriiun  between  chlorine,  steam  as  li  gas,  between  water,  liquid  cldorine^  ioe, 
and  the  fwlid  cry stallo- hydrate  of  chlorine  is  *?vidently  very  complex.  Guldherg  (1W7II) 
gave  a  theory  for  similar  states  of  equilibrium^  which  was  afterwardrtdeveloiied  by  Rtjojie- 
booin  (1HH7U  hut  it  would  be  itiop|K>rtune  here  to  enter  into  its  details.  It  will  be  enotigh 
in  tlje  tirnt  place  Lo  mention,  that  there  is  now  no  doubt  (according  to  the  theory  of  h(*4vt» 
and  the  direct  obeervationn,  nf  Haintvay  and  Young)  that  the  vapour  ten  t;  ion  atone  and  the 
g«Lme  temperature  ure  diflferent  for  the  bquid  ami  solid  states  of  substances;  secondly,  b> 
c4l11  attention  to  the  followingipote ;  and,  thirdlvt  to  state  that,  in  the  preaence  of  the 
crystallo  hydrate,  wat4L»T  between  0*24^  and  -t-tiH'7''  (when  the  hydrate  nnd  a  solution  may 
occur  simultaneously)  dissolves  a  different  amount  of  cldorljie  than  it  does  in  tlie  absence 
ol  the  cry stallo^ hydrate. 
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by  passing  chlorine  through  a  series  of  Woulfe's  bottles,  or  into  an 
inverted  retort  filled  with  water.  Under  the  action  of  light,  chlorine- 
water  gives  oxygen  and  hydrochloric  acid.  At  0°  a  saturated  solution 
of  chlorine  yields  a  crystallo-hydrate,  01^,81120,  which  easily  splits  up 
into  chlorine  and  water  when  heated,  so  that  if  it  be  fused  up  in  a  tube 
and  heated  to  35®  two  layers  of  liquids  are  formed — a  lower  stratum 
of  chlorine  containing  a  small  quantity  of  water,  and  an  upper  stratum 
of  water  containing  a  small  quantity  of  chloiine.^^ 

Chlorine  explodes  tuith  hydrogen,  if  a  mixture  of  equal  volumes  be 
exposed  to  the  direct  action  of  the  sun's  rays  *  *  or  brought  into  contact 
with  spongy  platinum,  or  a  strongly-heated  substance,  or  subjected  to- 
the  action  of  an  electric  spark.     The  explosion  in  this  case  takes  place 


*^  According  to  Faraday's  data  the  hydrate  of  chlorine  contains  Cl;,10H.^O,  but  Rooze- 
boom  (1885)  showed  that  it  is  poorer  in  water  =Cl.j,8H20.  At  first  small,  almost 
colourless,  crystals  are  obtained,  but  they  gradually  form  (if  the  temperature  be  below 
their  critical  point  28*7°,  above  which  they  do  not  exist)  large  yellow  crystals,  like  those  of 
potassium  chromate.  The  specific  gravity  is  1'28.  The  hydrate  is  formed  if  there  be 
more  chlorine  in  a  solution  than  it  is  able  to  dissolve  under  the  dissociation  pressure 
corresponding  with  a  given  temperature.  In  the  presence  of  the  hydrate  the  percentage 
amount  of  chlorine  at  0°  =  0-6,  9°  =  09,  and  at  20^=1-82.  At  temperatures  below  9*^  the 
solubility  (determined  by  Gay-Lnssac  and  Pelouze,  see  Note  9)  is  dependent  on  the  forma- 
tion of  the  hydrate;  whilst  at  higher  temperatureH  under  the  ordinary  pressure  the 
hydrate  cannot  be  formed,  and  the  solubility  of  chlorine  falls,  as  it  does  for  all  gtises 
(Chapter  I.).  If  the  crystallo-hydrate  is  not  formed,  then  below  U"  the  solubihty  follows 
the  same  rule  (0°  1'07  p.c.  Cl,9°0'95  p.c).  According  to  Roozeboom  the  clilorine  evolved 
by  the  hydrate  presents  the  following  tensicnn  of  dissociation  at  0^  =  249  mm.,  at  i^  —  898, 
at  8^  ^  620,  at  10^  =  797,  at  14°  =  1400  mm.  In  this  case  a  portion  of  the  crystallo-hydrate 
remains  solid.  At  9"6  the  tension  of  dissociation  is  equal  to  the  atmospheric  pressure.  At 
a  higher  pressure  the  crystallo-hydrate  may  form  at  temperatures  above  9^  up  to  28*7^. 
when  the  vapour  tension  of  the  hydrate  equals  the  tension  of  the  chlorine.  It  is  evident 
that  the  equilibrimn  which  is  established  is  on  the  one  hand  a  case  of  a  complex  hetero- 
geneous system,  and  on  the  other  hand  a  case  of  the  solution  of  solid  and  gaseous 
substances  in  water. 

The  crystallo-hydrate  or  chlorine  water  must  be  kept  in  the  dark,  or  the  access  of  light 
be  prevented  by  coloured  glass,  otherwise  oxygen  is  evolved  and  hydrochloric  acid 
formed. 

"  The  chemical  action  of  light  on  a  mixture  of  chlorine  and  hydrogen  was  discovered 
by  Gay-IiUBsac  and  Draper  (1809).  It  has  been  investigated  by  many,  and  especially  by 
Draj)er,  Bunsen,  and  Roscoe.  Electric  or  magnesium  light,  or  the  light  emitted  by  the 
combustion  of  carbon  bisuli)hide  in  nitric  oxide,  and  in  general  that  which  forms  photo- 
graphic images,  acts  in  the  same  manner  as  sunlight,  according  to  the  intensity.  At 
temperatures  below  —12°  light  no  longer  brings  about  reaction,  or  at  all  events  does  not 
give  an  explosion.  It  was  long  supposed  that  chlorine  that  had  been  subjected  to  the 
action  of  light  was  afterwards  able  to  act  on  hydrogen  in  the  dark,  but  it  was  shown  that 
this  only  takes  place  with  moist  chlorine,  and  depends  on  the  formation  of  oxides  of  chlo- 
rine. The  presence  of  foreign  gases,  and  even  of  excess  of  chlorine  or  of  hydrogen,  very 
much  enfeebles  the  explosion,  and  therefore  the  exi>erinient  is  conducted  with  a  detonat- 
ing mixture  j)rej)ared  by  the  action  of  an  electric  current  on  a  strong  solution  (sp.  gr.  1*15) 
of  hydrochloric  acid,  in  which  case  the  water  is  not  decomposed — that  is,  no  oxygen  is 
mixed  with  tlie  chlorine. 
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from  exactly  the  same  reasons — i,e,  the  evolution  of  heat  and  expansion 
of  the  resultant  product — as  in  detonating  gas  (Chap.  III.).  Diffused . 
light  acts  in  the  same  way,  but  slowly,  whilst  the  direct  sunlight  excites 
an  explosion.*^  The  hydrochloric  acid  gas  produced  by  the  reaction  of 
chlorine  on  hydrogen  occupies  (at  the  same  temperature  and  pressure) 
a  volume  equal  to  the  sum  of  the  original  volumes  ;  that  is,  a  reaction 
of  substitution  here  takes  place:  H2-|-Cl2=HCl-|-HCl,  the  atoms  of 
chlorine  and  hydrogen  change  places — there  were  two  molecules  and 
two  molecules  are  also  obtained,  although  different  molecules  were  first 
taken  and  like  molecules  are  formed.  In  this  reaction  twenty-two 
thousand  heat  units  are  evolved  for  one  part  by  weight  of  hydrogen.** 

These  relations  show  that  the  affinity  of  chlorine  for  hydrogen  is 
very  great  and  analogous  to  the  affinity  between  hydrogen  and  oxygen. 

'*  The  qaantity  of  chlorine  and  hydrogen  which  combine  is  proportional  to  tlie  intensity 
of  the  light — not  of  all  the  rays,  bat  only  those  so-termed  chemical  (actinic)  rays  which 
produce  chemical  action.  Hence  a  mixture  of  chlorine  and  hydrogen,  when  exposed  to 
the  action  of  light  in  vessels  of  known  capacity  and  surface,  may  be  employed  as  a  means 
for  estimating  the  intensity  of  the  chemiccJ  rays  (as  an  actinometer),  the  influence  of  the 
heat  rays  being  pre>'iously  destroyed,  which  may  be  done  by  passing  the  rays  through 
water.  Investigations  of  this  kind  (photo-chemical)  showed  that  chemical  action  is 
chiefly  limited  to  the  violet  end  of  the  spectrum,  and  that  even  the  invisible  ultra-violet 
rays  produce  this  action.  A  colourless  gas  flame  contains  no  chemically-active  rays,  the 
flame  coloured  green  by  a  salt  of  copper  evinces  more  chemical  action  than  the  colourless 
flame,  but  the  flame  brightly  coloured  yellow  by  salts  of  sodium  has  no  more  chemical 
action  than  that  of  the  colourless  flame. 

As  the  chemical  action  of  light  becomes  evident  in  plants,  photography,  the  bleaching 
of  tissues,  and  the  fading  of  colours  in  the  sunlight,  and  as  a  means  for  studying  the 
phenomenon  is  given  in  the  reaction  of  chlorine  on  hydrt^en,  this  subject  has  been  the 
most  fully  investigated  in  photo-chemistry.  The  researches  of  Bunsen  and  Roscoe  in 
the  flfties  and  sixties  are  the  most  complete  in  this  respect.  Their  actinometer  contains 
hydrogen  and  chlorine,  and  is  enclosed  by  a  solution  of  chlorine  in  water.  The  hydro- 
chloric acid  is  absorbed  as  it  forms,  and  therefore  the  variation  in  volume  indicates  the 
progress  of  the  combination.  As  was  to  be  expected,  the  action  of  light  proved  to  be 
proportional  to  the  time  of  exposure  and  intensity  of  the  light,  so  that  it  was  possible  to 
conduct  detailed  photometrical  investigations  respecting  the  time  of  day  and  season  of 
the  year,  various  sources  of  light,  its  absorption.  Sec.  This  subject  is  considered  in  detail 
in  special  works,  and  we  only  stop  to  mention  one  circumstance,  that  a  small  quantity  of 
a  foreign  gas  decreases  the  action  of  light ;  for  example,  yjjj  of  hydrogen  by  88  p.c., 
■^  of  oxygen  by  10  p.c,  ji^jj  of  chlorine  by  60  p.c,  Arc.  According  to  the  researches 
of  Klimenko  and  Pekatoros  (1889),  the  photo-chemical  alteration  of  chlorine  water  ia 
retarded  by  the  presence  of  traces  of  metallic  chlorides,  and  this  influence  varies  with 
different  metals. 

As  much  heat  is  evolved  in  the  reaction  of  chlorine  on  hydrogen,  and  as  this  reaction, 
being  exothermal,  may  proceed  by  itself,  therefore  the  action  of  light  is  essentially  the 
same  as  that  of  heat — that  is,  it  brings  the  chlorine  and  hydrogen  into  the  condition 
necessary  for  the  reaction — it,  as  we  may  say,  shakes  the  original  equilibrium ;  this  is  the 
work  done  by  the  luminous  energy.  It  seems  to  me  that  the  action  of  light  on  the  mixed 
gases  should  be  understood  in  this  sense,  as  Pringsheim  (1877)  pointed  out. 

*5  In  the  formation  of  steam  (from  one  part  by  weight  of  hydrogen)  21HHX)  heat  units 
are  evolved.    The  following  are  the  quantities  of  heat  (thousands  of  units)  evolved  in 
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Thus  ^*  on  the  one  hand  by  passing  a  mixture  of  steam  and  chlorine 
through  a  red-hot  tube,  or  by  exposing  water  and  chlorine  to  the  sun- 
light, oxygen  is  disengaged,  whilst  on  the  other  hand,  as  we  saw  above, 
oxygen  in  many  cases  displaces  chlorine  from  its  compound  with 
hydrogen,  and  therefore  the  reaction  H20  +  Cl2=2HCl-|-0  belongs  to 
the  number  of  reversible  reactions,  and  hydrogen  will  distribute  itself 
between  oxygen  and  chlorine  if  it  comes  into  contact  with  both  these 
elements.  These  relations  determine  many  of  the  properties  of 
chlorine — that  is,  its  relation  to  substances  containing  hydrogen  and  its 
reactions  in  the  presence  of  water,  to  which  we  shall  turn  our  attention 
after  having  pointed  out  the  relation  of  chlorine  to  other  elements. 

Many  nietals  when  brought  into  contact  with  chlorine  immediately 
combine  with  it,  and  form  those  metallic  chlorides  which  correspond 
with  hydrogen  chloride  and  with  the  oxide  of  the  metal  taken.  With 
a  large  surface  of  metal,  and  if  it  be  slightly  heated,  this  combination 
may  proceed  rapidly  with  the  evolution  of  heat  and  light ;  that  is, 
metals  are  able  to  bum  in  chlorine.  Thus,  for  example,  sodium  **  bums 
in  chlorine,  thus  synthesising  common  salt.  Metals  in  the  form  of 
powders  burn  without  the  aid  of  heat,  and  become  highly  incandescent 
in  the  process  ;  for  instance,  antimony,  which  is  a  metal  easily  con- 
verted into  a  powder. ^^     Even   such  metals  as  gold  and  platinum,*^ 

the  formation  of  v»\rious  otlier  correspond iny  compounds  of  oxygen  and  of  clilorine  (from 
Thomsen's,  and,  for  Xa.jO,  Beketoflf's  results) : 

f  2NaCl,  105  ;  CaCl..,,  170  ; 

(   Na.>0,  100;  CaO,  181; 

f'iAsClj,  143;  2PCI5,  210; 

(  A8.,.03,  155  ;  PoO^,  870; 

With  the  first  four  elements  the  formation  of  the  chlorine  compound  gives  the  most 
lieat,  and  with  the  four  following  the  formation  of  the  oxygen  compound  evolves  the 
greater  amount  of  heat.  The  first  four  chlorides  are  true  salts  formed  from  HCl  and  the 
oxide,  whilst  the  remainder  have  other  properties,  as  is  seen  from  the  fact  that  they  are  not 
formed  from  hydrochloric  acid  and  the  oxide,  but  give  hydrochloric  acid  with  water.  If 
uffinity  be  measured  by  heat,  then  in  the  former  the  affinity  for  chlorhie  is  greater  than 
that  for  oxygen,  whilst  in  the  latter  it  is  the  reverse.  But  as  the  physical  states  of  the 
Hubstances  are  diflferent,  and  as  chlorine  displaces  oxygen  as  well  as  oxygen  displaces 
chlorine,  the  affinity  cannot  be  determined  from  thermo-chemical  data  without  a  number 
of  corrections  which  are  still  subject  to  doubt. 

^*  This  has  been  alrea<ly  pointed  out  in  Chap.  III.  Note  5. 

^*  Sodium  remains  unaltered  in  perfectly  dry  chlorine  at  the  ordinary  temperature, 
and  even  when  slightly  warmed  ;  but  the  combination  is  exceedingly  violent  at  a  red  heat. 

^®  An  instructive  experiment  on  combustion  in  chlorine  may  be  conducted  as  follows : 
leaves  of  Dutch  metal  (used  for  gilding  instead  of  gold)  are  placed  in  a  glass  globe,  and  a 
gas-conducting  tube  furnished  with  a  glass  cock  is  placed  in  the  cork  closing  it,  and  the 
air  is  pumped  out  of  the  globe.  The  gas-conducting  tube  is  then  connected  with  a  vessel 
containing  chlorine,  and  the  cock  oiwned ;  the  chlorine  rushes  in,  and  the  metallic  leaves 
are  consumed. 

1^  The  behaviour  of  platinum  to  chlorine  at  a  high  temperature  (1400^)   is  very 


IgCl..,  08 ; 

2AgCl,  50. 

Hg6,42; 

AgoO,  6. 

CC1„  21 ; 

2HC1,  44  (gas). 

CO,,  07; 

HoO,  58  (gas). 
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which  *lo  not  conihine  directly  witli  oxygen  ami  give  very  unstaHle 
coTupourifk  with  it»  unit**  tlii^ctly  with  chlorine  to  form  metallic 
chloride^s.  Eitlier  chlorine  water  or  ut|iiii  regiji  tiiay  be  eiuployed  for 
this  purpose  instead  of  gjiseous  tjhloriiie.  These  dissolve  gold  and 
platinum,  converting  them  into  metallic  chlondes.  Aqua  rffjia  is  a 
mixtuTO  of  I  part  of  nitric  acid  with  2  to  3  parts  of  hydrochlonc  acitl. 
This  mixture  converts  into  soluble  chlorides  not  only  those  metals 
\yhich  are  acted  on  by  hydrochloric  and  nitric  acids,  but  also  gold  and 
platinum,  which  are  insoluble  in  either  acid  separately.  This  action 
of  aqua  regia  dcf*end,s  on  tlie  fact  that  nitric  acid  in  actin^^:  ou  hydro- 
chloric acid  deprives  it  of  its  hydrogen,  and  evolves  chlorine  little  by 
little  as  the  action  proceeds.  If  the  chlorine  evolved  be  transferTcd  to 
a  inetfil,  then  a  fresh  quantity  is  formed  from  the  remaining  acids  anrt 
coTidjines  with  the  metal. ^^  Thus  the  aqua  regia  acts  in  virtue  of  the 
chlorine  which  it  contains  and  disengages. 

Tlie  majority  of  7um'meliais  also  react  directly  on  chlorine  ;  sulphur 
and  phosphorus  burn  in  it,  and  comljine  with  it  directly  when  heated 
or  even  at  the  ordinary  teinpruture.  Only  nitrogen,  carbon,  and  oxygen 
do  not  form  any  direct  compounds  with  it.  The  chlorine  comjMjunds 
formed  by  the  non  rnetids — for  instance,  phosphorus  trichloride,  PCI.,, 
and  sulphilrous  chloride,  lIc,  do  not  have  the  pr<*perties  of  sjilts,  ami 
if  the  metallic  chlorides  >I,,CU„,  correspond  with  bases  Mj<0,n  ^t^d  their 
hydrates  M^XOH}^^,,  then,  as  we  shall  afterwards  see  more  fully,  the 
cldorides  of  the  non-metals  bear  the  same  relation  to  acid  anhydrides 
and  acids  : 

NaCl         Fed,         SnCl^         PCI,         HCl 
Na(HO)  Fe(HO).,  Bn(HO),    P(H0)3   H(HO) 


reniArkinbte,  becuui^  pUvtinous  chloiide,  PtCl^,  iii  tlien  formed,  whilcit  tliiH  »»al>Htaiice  de- 
cnmpouts  *t  II  miJi'li  lower  teinpemture  iiito  chlorine  and  platmmnu  Therefore,  when 
ehloriiitt  comeH  into  contact  w'itli  philiimm  ut  iiuch  high  temperatures  it  fonii»  fnnitiH  of 
pliUin<>aBohJond«,  and  th€»y  oil  LtMflia^  cletNiuiiptiBt;  with  the  liberation  of  pltttmiiiii,  ao 
Uiai  tho  phenomenon  uppei^ra  to  be  dependent  on  the  volatility  of  platiimra.  Devtile 
proved  the  fonuation  of  phitinoiiH  chh>ride  by  instn'ting  u  cold  tube  iiiBidii  il  red-hot  one 
f&s  in  tlie  experiment  on  ciirl*onic  oicide,  p.  S8H),  However,  Meyer  was  able  to  ob(«erve 
ihe  density  of  chlorine  in  <i  pUtinunj  vensel  at  IGlKJP,  nt  which  temperature  thlorine  doei* 
not  exert  this  itction  on  pUtiiiiim,  or  at  learnt  only  tn  an  intii^ificant  de^ee. 

1^  When  left  ttxpONed  to  the  air  aqua  regia  disengageis  chlorine^  and  afterwardN  it  no 
langoT  acta  on  gold.  Oay-Luftnac,  in  explaining  the  iiction  of  aqua  regia,  showed  that  when 
healed  it  evolvest  Lietiidt?^  chlorine,  the  vapour»  of  two  chlor&nlijdrideA — that  of  nitric 
acid,  NO.^Cl  fnitriir  atid,  NO*OH,  in  which  HO  is  replaced  by  chlorine,  itrr  cliapter  on 
Phnftphorns t,  and  that  of  nitrous  acid,  NOCl  (ibid.) — hut  thew>  do  not  act  on  jfold.  The 
formation  tif  iu\vla  regia  may  therefor©  be  expreaiwd  by  INHO^  +  hHCI  »  2NOaCI  +  2N0CI  + 
<vH..O  ^  aCIa-  The  formation  of  the  chlorides  NO^^Cl  and  NOCl  h  erphiined  by  th©  fact 
that  the  nitric  acid  («  diHixi<lifted,  givei*  the  oxides  NO  and  NO^^,  and  they  directly  combiue 
with  chloriue  to  form  i\w  above  Atihydride§. 
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As  the  above-mentioned  relation  in  composition  exists  between 
many  chlorine  compounds  and  their  corresponding  hydrates  and  as 
furthermore  some  (acid)  hydrates  are  obtained  from  chlorine  compounds 
by  the  action  of  water,  for  instance 


PC13 

+ 

3H,0 

=       P(H0)3 

+       3HC1 

PhosphoniR 

Water 

Phosphorous 

Hydrochloric 

trichloride 

acid 

acid; 

whilst  other  chlorine  compounds  (basic)  are  formed  from  hydroxides 
and  hydrochloric  acid,  with  the  liberation  of  water,  for  instance 

NaHO     +     HCl     =     NaCl     +     H^O  ; 

therefore  this  intimate  connection  between  the  hydrates  and  chlorine 
compounds  is  endeavoured  to  be  expressed  by  calling  the  latter  chlor- 
anhydrides.     In  general  terms,  if  the  hydrate  be  basic,  then, 

M(HO)     +  HCl         =  MCI         +     H2O 

hydrate       +     hydrochloric  acid   =       choranhydride     +        water 

and  if  the  hydrate  ROH  be  acid,  then 

RCl         -t-     H.,0     =     R(HO)     +  HCl 

Choranhydride   +       water       =       hydrate  +         hydrochloric  acid. 

In  this  manner  a  distinct  equivalency  is  remarked  between  the 
tjompounds  of  chlorine  and  the  so-called  hydroxy!  radicle  (HO),  which 
is  also  expressed  in  the  analogy  existing  between  chlorine,  CI 2,  and 
hydrogen  peroxide,  (HO)^. 

As  regards  the  chloranhydrides  corresponding  with  acids  and  non- 
metals,  they  bear  but  little  resemblance  to  metallic  salts.  They  are 
nearly  all  volatile,  and  have  a  powerful  suffocating  smell  which  irritates 
the  eyes  and  respiratory  organs.  They  react  on  water  like  many 
anhydrides  of  the  acids,  with  the  evolution  of  heat  and  liberation  of 
hydrochloric  acid,  forming  acid  hydrates.  For  this  reason  they  cannot 
usually  be  obtained  from  hydrates — that  is,  acids — by  the  action  of 
hydrochloric  acid,  as  then  water  would  be  fonned  together  with  them, 
and  water  decomposes  them,  converting  them  into  hydrates.  There  are 
many  intermediate  chlorine  compounds  between  true  saline  metallic 
chlorides  likq  sodium  chloride  and  true  acid  chloranhydrides,  just  as 
there  are  all  kinds  of  transitions  between  bases  and  acids  ;  feeble  bases 
not  unfrequently  present  feeble  acid  properties.  These  relations  will 
become  gradually  clearer  as  we  become  acquainted  with  elements  of 
different  character,  and  for  the  sake  of  greater  clearness  we  will  not 
enter  into  an  intimate  acquaintance  with  the  saline  character  of  acid 
•chloranhydrides,  and  will  only  remark  that  compounds  of  this  type  ai*e 
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not  only  obtained  from  chlorine  and  non-metals,  but  also  from  many 
lower  oxides,  by  the  aid  of  chlorine.  Thus,  for  example,  CO,  NO, 
NO2,  SO2,  and  other  lower  oxides  which  are  capable  of  combining  with 
oxygen  may  also  assimilate  to  themselves  a  corresponding  quantity  of 
chlorine.  Thus  COCI2,  NOCl,  NO2CI,  SO^Cla,  <kc.,  are  obtained.  They 
colre^pond  with  the  hydrates  C0(0H)2,  NO(OH),  N02(0H),  S02(OH)2, 
♦fee,  and  to  the  anhydrides  COj,  N^Og,  NaO.i^,  SO3,  <tc.  In  this  we  should 
■evidently  see  two  sides  of  the  matter  :  (1)  chlorine  combines  with  that 
with  which  oxygen  is  able  to  combine,  because  it  is  in  many  respects 
equally  if  not  more  energetic  than  oxygen  and  replaces  it  in  the  propor- 
tion CP  :  O  or  (CI :  OH) ;  (2)  that  highest  limit  of  possible  combination 
which  is  proper  to  a  given  element  or  grouping  of  elements  is  very 
easily  and  often  attained  by  combination  with  chlorine.  If  phosphorus 
gives  PCI.,  and  PCI5,  it  is  evident  that  PCl^  is  the  higher  form  of 
combination  compared  with  PCI3.  To  the  form  PCI 5  or  in  general  PX5, 
correspond  PH4I,  P0(0H)3,  POCI3,  «kc.  If  chlorine  does  not  always 
directly  give  compounds  of  the  highest  possible  forms  for  a  given 
•element,  then  generally  the  lower  forms  combine  with  it  in  order  to 
reach  or  approach  the  limit.  This  is  particularly  clear  in  hydrocarbons, 
where  we  see  the  limit  C„H2„+2  v®^y  distinctly.  The  unsaturated 
hydrocarbons  are  sometimes  able  to  combine  with  chlorine  with  the 
greatest  ease  and  thus  reach  the  limit.  Thus  ethylene,  C2H4,  combines 
with  CI2  forming  the  so-called  Dutch  liquid  or  ethylene  chloride, 
C2H4CI2,  because  it  then  reaches  the  limit  C„X2„+2*  ^^  ^^^  ^^^  cases 
the  combined  chlorine  is  able  by  reactions  of  substitution  to  give  a 
hydroxide  and  a  whole  series  of  other  derivatives.  Thus  a  hydroxide 
called  glycol,  C2H4(OH)2,  is  obtained  from  C4H4CI2. 

In  this  way  chlorine  whilst  entering  with  great  ease  into  combina- 
tion with  simple  gases,  in  a  number  of  cases  converts  lower  forms  of 
combination  into  higher.  Very  often  chlorine  in  tlie  presence  of  loater 
acts  directly  as  an  oxidising  agent.  A  substance  A  combines  with 
chlorine  and  gives,  for  example,  AClj,  and  this  in  turn  a  hydroxide 
A(0H)2,  which  on  losing  water  forms  AO.  Hence  the  chlorine 
oxidised  the  substance  A.  This  frequently  happens  in  the  simulta- 
neous action  of  water  and  chlorine:  A-|-H20-|-Cl2=2HCl-|-AO. 
Examples  of  this  oxidising  action  of  chlorine  may  frequently  be 
observed  both  in  chemical  practice  and  technical  processes.  Thus 
chlorine,  for  instance,  in  the  presence  of  water  oxidises  sulphur  and 
nietfUlic  sulphides.  In  this  ease  the  sulphur  is  converted  into 
sulphuric  acid,  and  the  chlorine  into  hydrochloric  acid  or  a  metal- 
lic chloride  if  a  metallic  sulphide  be  tfiken.  A  mixture  of  carl)omc 
oxide    and    chlorine    passed    into    water    gives    carbonic    anhydride 
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and  hydrochloric  acid.  Sulphurous  anhydride  is  oxidised  by 
chlorine  in  the  presence  of  water  into  sulphuric  acid,  just  as  it  is 
by  the  action  of  nitric  acid:  S0.,-h"2H20  +  Cl2=H2SO4-f2HCl. 
The  oxidising  action  of  chlorine  in  the  presence  of  wat^r  is  taken 
advantage  of  in  practice  for  the  rapid  bleaching  of  tissues  and  fibres. 
The  colouring  matter  of  the  fibres  is  altered  by  oxidation  and  con- 
verted into  a  colourless  substance,  but  the  chlorine  afterwards 
acts  on  the  tissue  itself.  Bleaching  by  means  of  chlorine  therefore 
requires  a  certain  amount  of  technical  skill  in  order  that  the  chlorine 
should  not  act  on  the  fibres  themselves,  but  that  its  action  should  be 
limited  to  the  colouring  matter  only.  The  fibre  for  making  writing 
paper,  for  instance,  is  bleached  in  this  manner.  The  property  of 
chlorine  of  bleaching  was  discovered  by  Berthollet,  and  forms  an 
important  acquisition  to  the  arts,  because  it  has  in  the  majority  of 
cases  replaced  that  which  before  was  the  universal  method  of  bleach- 
ing, namely,  exposure  to  the  sun  of  the  fabrics  damped  with  water, 
which  is  still  employed  for  linens,  &c.  Time  and  great  trouble,  and 
therefore  money  also,  have  been  considerably  saved  by  this  change.** 

The  power  of  chlorine  for  combination  is  intimately  connected  with 
its  capacity  for  substitution,  because,  according  to  the  law  of  substitu- 
tion, if  chlorine  combines  with  hydrogen,  then  it  also  replaces  hydrogen, 
and  furthermore  the  combination  and  substitution  are  accomplishe<i  in 
the  same  (juantities.  Therefore  the  atom  of  chlorine  which  combines 
with  the  atom  of  hydrogen  is  also  able  to  replace  the  atom  of  hydrogen. 
We  mention  this  property  of  chlorine  not  only  because  it  illustrates 
the  adaptation  of  the  law  of  substitution  in  clear  and  historically 
important  examples,  but  more  especially  l)ecause  reactions  of  this  kind 
explain  those  indirect  methods  of  the  formation  of  many  substances 
which  we  have  often  mentioned  and  to  which  recourse  is  had  in  many 
cases  in  chemistry.  Thus  chlorine  does  not  act  on  carbon,  ^^  oxygen, 
or  nitrogen,  but  nevertheless  its  compounds  with  these  elements  may 
be  obtained  by  the  indirect  method  of  the  substitution  of  hydrogen 
by  chlorine. 

As  chlorine  easily  combines    with  hydrogen  and  does  not  act  on 

''  The  oxidising  property  of  chlorine  Hhows  itself  when  it  destroys  the  majority  of 
organic  tissues,  and  proves  fatal  to  orj^anisms.  This  property  of  chlorine  is  taken 
advantage  of  in  quarantine  stations.  But  the  simi)le  fumigation  by  chlorine  must  be 
carried  on  with  great  care  in  dwelling  places,  because  chlorine  disengaged  into  the 
atmosphere  renders  it  harmful  to  the  health  by  attacking  the  respiratory  organs  and  the 
tissues  of  the  lungs. 

'■^  A  certain  propensity  of  carbon  to  attract  chlorine  must  be  seen  in  the  immense 
absorption  of  chlorine  by  charcoal  (Note  7),  but,  as  far  as  is  at  present  known  (no  one 
has  tried,  if  I  do  not  mistake,  to  have  recourse  to  the  aid  of  light),  no  combination  then 
takes  place  between  the  chlorine  and  carbon. 
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-carbon,  it  decomposes  hydrocarbons  (and  many  of  their  derivatives)  at 
a  high  temperature,  depriving  them  of  their  hydrogen  and  Hberating 
the  carbon,  as,  for  example,  is  clearly  seen  when  a  lighted  candle  is 
placed  in  a  vessel  containing  chlorine.  The  flame  becomes  smaller  but 
continues  for  a  certain  time,  a  large  amount  of  soot  is  obtained,  and 
hydrochloric  acid  is  formed.  In  this  case  the  gaseous  and  incandescent 
substances  of  the  flame  are  decomposed  by  the  chlorine,  the  hydrogen 
combines  with  it,  and  the  carbon  is  disengaged  as  soot.^*  This  action 
of  chlorine  on  hydrocarbons,  ttc,  proceeds  otherwise  at  lower  tempera- 
tures, as  we  will  proceed  to  consider. 

A  very  important  epoch  in  the  history  of  chemistry  was  formed  by 
the  discovery  of  Dumas  and  Laurent  that  chlorine  is  able  to  displace 
and  replace  hydrogen.  This  discovery  is  important  from  the  fact  that 
chlorine  proved  to  be  an  element  which  combines  with  great  ease 
simultaneously  with  both  the  hydrogen  and  the  element  with  which 
the  hydrogen  was  combined.  This  clearly  proved  that  there  is  no 
-opposite  polarity  between  elements  forming  stable  compounds.  Chlorine 
<loes  not  combine  with  hydrogen  because  it  has  opposite  properties,  as 
Dumas  and  Laurent  stated  previously,  accounting  hydrogen  to  be 
•electro-positive  and  chlorine  electro-negative  ;  this  is  not  the  reason  of 
their  combining  together,  because  the  same  chlorine  which  combines 
with  hydrogen  is  also  able  to  replace  it  without  altering  many  of  the 
properties  of  the  resultant  substance.  This  substitution  of  hydrogen 
by  chlorine  is  termed  metalepsis.  The  mechanism  of  this  substitution 
is  very  constant.  If  we  take  a  hydrogen  compound,  preferably  ai^ 
hydrocarbon,  and  if  chlorine  act  directly  on  it,  then  there  is  produced '  ^ 
on  the  one  hand  hydrochloric  acid  and  on  the  other  hand  a  compound 
containing  chlorine  in  the  place  of  the  hydrogen — so  that  the  chlorine 
divides  itself  into  two  equal  portions,  one  portion  is  evolved  as  hydro- 
chloric acid,  and  the  other  portion  takes  the  place  of  the  hydrogen  thus 
liberated.  Hence  this  nietalepsis  is  always  a^ccoinpanied  by  thefonnatian 
of  hydrochloric  acid,^^  The  scheme  of  the  process  is  as  follows  : 
C„H„X         +         CI,        =        C.H,.,C1X       +  HCl 

Hydrocarbon.  Free  chlorine.  Product  of  metalepsis.       Hydrochloric  acid. 

^^  The  same  takes  place  under  the  action  of  oxygen,  with  the  difference  tlutt 
it  bums  the  carbon,  which  chlorine  is  not  able  to  do.  If  chlorine  and  oxygen  compete 
together  at  a  high  temperature,  the  oxygen  will  unite  with  the  carbon,  and  the  chlorine 
with  the  hydrogen ;  if  pure  hydrogen  be  taken  with  a  sufficient  quantity  of  clilorine,  it 
will  all  combine  with  the  chlorine  without  forming  any  water  with  the  oxygen. 

"  Tliis  division  of  chlorine  into  two  portions  may  at  the  same  time  be  taken  as  a  clear 
confirmation  of  the  conception  of  molecules.  According  to  Avogadro-Gerhardt's  law,  the 
molecule  of  chlorine  (p.  3U3j  contains  two  atoms  of  this  substance ;  one  atom  replaces 
the  hydrogen,  and  the  other  combines  with  it. 

VOL.  I.  n  n 
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Or,  in  general  terms — 

RH     +     CL,     =     RCl     +     HCl. 

The  conditions  under  which  metalepsis  takes  place  are  also  very 
constant.  In  the  dark  chlonne  does  not  usually  act  on  hydrogen  com- 
pounds, but  the  action  commences  under  the  influence  of  light.  The 
direct  action  of  the  sun's  rays  is  particularly  propitious  to  metalepsis. 
It  is  also  remarkable  that  the  presence  of  traces  of  certain  substances** 
promotes  the  action  (especially  of  iodine,  aluminium  chloride,  antimony 
chloride,  &c.).  A  trace  of  iodine  added  to  the  substance  subjected  to 
metalepsis  often  produces  the  same  effect  as  sunlight.  *^^ 

If  marsh  gas  be  mixed  with  chlorine  and  the  mixture  ignited,  then 
the  hydrogen  is  entirely  taken  up  from  the  marsh  gas  and  hydrochloric 
acid  and  carbon  formed,  but  there  is  no  metalepsis. ^"^  But  if  a 
mixture  of  equal  volumes  of  chlorine  and  marsh  gas  be  exposed  to  the 
action  of  diffused  light,  then  the  greenish  yellow  mixture  gradually 
becomes  colourless,  and  hydrochloric  acid  and  the  first  product  of 
metalepsis,  namely,  methyl  chloride,  are  formed  : 

CH4         -h         CI,         =         CH3CI         -h  HCl 

Marsh  gas.  Chlorine.  Methyl  chloride.  Hydrochloric  acid. 

*3  Such  carriers  or  media  for  the  transference  of  chlorine  and  the  halogens  in  jjeneral 
were  long  known  to  exist  in  iodine  and  antinionious  chloride,  and  have  been  most  fully 
studied  by  Gustavson  and  Friedel,  of  the  Petroffsky  Acad(?niy — the  former  with  respect 
to  aluminium  bromide,  and  the  latter  with  respect  to  aluminium  cliloride.  Gustavson 
showed  that  if  a  trace  of  metallic  aluminium  be  dissolved  in  ])romine  (it  floats  on  bromine, 
and  when  combination  takes  place  much  heat  and  light  are  evolved),  the  latter  becomes 
endowed  with  the  property  of  entering  into  metalepsis,  which  it  is  not  able  to  do  of  its 
own  accord.  When  jmre,  for  instance,  it  acts  very  slowly  cm  benzene,  C'tjHg,  but  in  the 
presence  of  a  trace  of  ahuninium  bromide  the  reaction  proceeds  violently  and  easily,  1*0  that 
each  drop  of  the  hydrocarbon  gives  a  mass  of  hydrobromic  acid,  and  of  the  ])roduct  of  meta- 
lepsis. Gustavson  showed  that  the  modus  operandi  of  this  instruttive  reaction  is  basi'd 
on  the  property  of  aluminium  bromide  to  enter  into  combination  with  hydrocarbons  and 
their  derivatives.  The  details  of  this  and  all  researches  concerning  the  metalepsis  of 
the  hydrocarbons  must  be  looked  for  in  works  on  organic  chcmistn. 

**  As  small  admixtures  of  iodine,  aluminium  bromide,  ttc,  aid  the  metalej>sis  of  large 
quantities  of  a  substance,  just  as  nitric  oxide  aids  the  reaction  of  sulphurous  anhydride 
on  oxygen  and  water,  so  the  matter  is  essentially  the  same  in  ]K>th  cases.  EflFects  of  this 
kind  (which  should  also  be  explained  by  a  chemical  reaction  proceeding  at  the  surfaces* 
only  diflfer  from  true  contact  phenomena  in  that  the  latter  are  produced  by  solid  bodies 
and  are  accomplished  at  their  surfaces,  whilst  in  the  former  all  is  in  solution.  Probably 
the  action  of  iodine  is  founded  on  the  formation  of  iodine  chloride,  which  reacts  more 
easily  than  chlorine. 

**  Metalepsis  belongs  to  the  number  of  delicate  reactions — if  it  may  be  so  expressed — 
as  compared  with  the  energetic  reacticm  of  combustion.  Mjiny  cft->es  of  substitution  are 
of  this  kind.  Reactions  of  metalei)sis  are  accompanied  by  the  evolution  of  heat,  but  in  a 
less  quantity  than  that  evolved  in  the  formation  of  the  resulting  quantity  of  the  halogen 
acids.     Thus  the  reaction  C^H.j  i-Cl.,.  =  C.,H;,Cl -f-HCl,  judging  from  the  data   given  by 
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Tlie  volume  of  the  mixture  remains  unaltered.  The  methyl 
chloride  which  is  formed  is  a  gas.  If  it  be  separated  from  the  hydro- 
chloric acid  (it  is  soluble  in  acetic  acid,  in  which  hydrochloric  is  but 
sparingly  soluble)  and  be  again  mixed  with  chlorine  then  it  may  be 
subjected  to  a  further  metalepsical  substitution — the  second  atom  of 
hydrogen  may  be  substituted  by  chlorine,  and  a  liquid  substance 
CH.2CI.2,  called  methylene  chloride,  will  be  obtained.  In  the  same 
manner  the  sul^stitution  may  be  carried  on  still  further,  and  CHClj,  or 
chloroform,  and,  lastly,  carbon  tetrachloride,  CCI4,  will  be  produced. 
Of  these  substances  the  best  known  is  chloroform,  owing  to  its  being 
formed  in  many  cases  from  organic  substances  (by  the  action  of  bleaching 
powder)  and  to  its  being  used  in  medicine  as  an  anaesthetic ;  chloroform 
boils  at  62°  and  carbon  tetrachloride  at  78°.  They  are  both  colourless 
cxloriferous  liquids,  heavier  than  water.  The  progressive  substitution 
of  hydrogen  by  chlorine  is  thus  evident,  and  it  can  \)e  clearly  seen  that 
the  double  decompositions  are  ticcomplished  l>etween  molecular  quanti- 
ties of  the  substance — that  is,  between  equal  volumes  in  a  gaseous  st-ate. 
Chloroform  may  be  obtained  directly  from  marsh  gas,  but  this,  judging 
from  the  above,  will  l)e  the  third  product  of  the  metalepsis  of  marsh  gas* 
Between  it  and  marsh  gas  there  are  two  more  intermediate  products, 
and  the  first  of  them  is  produced  in  the  action  of  one  molecule  of  marsh 
gas  on  one  molecule  of  chlorine. 

Carbon  tetrachloride^  which  is  obtained  by  the  metalepsis  of  marsh 
gas,  is  not  obtained  directly  from  chlorine  and  carbon,  but  it  may  be 
obtained  from  certain  compounds  of  carbon — for  instance,  from  carbon 
})isulphide — if  its  vapour  mixed  with  chlorine  be  passed  through  a 
i*ed-hot  tube.  Both  the  sulphur  and  carbon  then  combine  with  the 
chlorine.  It  is  evident  that  by  ultimate  metalepsis  a  corresponding 
carbon  chloride  may  be  obtained  from  any  hydrocarbon — indeed,  the 
number  of  chlorides  of  carl>on  already  known  is  very  large. 

As  a  rule,  the  fundamental  chemical  characters  of  hydrocarbons  are 
not  changed  by  metalepsis ;  that  is,  if  a  neutral  substance  be  taken,  then 
the  product  of  metalepsis  is  also  a  neutral  substance,  or  if  an  acid  be 
taken  the  product  of  metalepsis  also  has  acid  properties.  Even  the 
crystalline  form  not  unfrequently  remains  unaltered  after  metalepsis. 
The  metalepsis  of  acetic  acid,  CH3-C00H,  is  historically  the  most 
important.  It  contains  three  of  the  atoms  of  the  hydrogen  of  marsh 
gas,  the  fourth  being  replaced  by  carboxyl,  and  therefore  by  the  action 
of  chlorine  it  gives  three  products  of  metalepsis  (according  to  the  mass 
of  the  chlorine  and  conditions  under  which  the  reaction  takes  place), 

Thomsen,  evolves   about  20000  heat  units,  whilst  the  forinatioii  of  hydrochloric  acid 
evolvcH  22000  anits. 

H  H  2 
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mono-,  di-,and  trichloracetic  acids— CILjClCOOH,  CHCL/COOH,  and 
CCls'COOH ;  they  are  all,  like  acetic  acid,  monobasic.  Without  enter- 
ing into  the  further  description  of  cases  of  like  reaction  (they  must  be 
looked  for  in  organic  chemistry),  it  is  necessary  to  turn  special  attention 
first  to  the  fact  that  in  this  manner  hy  an  indirect  metJuxi^  carbon 
compounds  (for  instance,  CCI4,  CaCl4,  QfiXm  <fec.)  are  formed,  which 
cannot  be  obtained  directly  from  the  elements,  and  secondly,  that  the 
resulting  products  of  metalepsis,  in  containing  an  element  which  so 
easily  acts  on  metals  as  chlorine,  give  the  possibility  of  attaining  a 
further  complexity  of  molecules  for  which  the  original  hydrocarbon  is 
often  in  no  way  capable.  Thus  on  treating  with  an  alkali  (or  first 
with  a  salt  and  then  with  an  alkali,  or  with  a  basic  oxide  and  water, 
Ac.)  the  chlorine  forms  a  salt  with  its  metal,  and  the  hydroxyl  radicle 
takes  the  place  of  the  chlorine — for  example,  CHg'OH  is  obtained  from 
CH3CI.  By  the  action  of  metallic  derivatives  of  hydrocarbons — for 
instance,  CHsNa — the  chlorine  also  gives  a  salt,  and  the  hydrocarbon 
radicle — for  instance,  CH3 — takes  the  place  of  the  chlorine.  Thus,  or 
in  a  similar  manner,  CHa'CHj  or  CjHg  is  obtained  from  CH3CI  or 
CeH5*CH3  from  CfiHg.  The  products  of  metalepsis  also  often  react  on 
ammonia,  forming  hydrochloric  acid  (and  thence  NH4CI)  and  an 
amide ;  that  is,  the  product  of  metalepsis  with  the  ammonia  radicle 
NHa  in  the  place  of  chlorine.  Thus  by  means  of  metalepsical  substitu- 
tion a  method  is  found  in  chemistry  for  an  artificial  and  general  means 
of  the  formation  of  complex  carbon  compounds  from  more  simple 
compounds  which  are  often  totally  incapable  of  dii*ect  i^eaction. 
Besides  which,  this  key  opened  the  doors  of  that  secret  edifice  of  the 
structure  of  complex  organic  compounds  into  which  man  had  up  to 
then  feared  to  enter,  supposing  it  to  be  the  dwelling  of  the  spirits  of 
organisms  under  the  influence  of  whose  magical  force  that  was  united 
which  by  other  means  could  not  be  brought  together.'^ 

'*  With  the  predominance  of  the  representation  of  compound  radicleR  (this  doctrine 
dates  from  Lavoisier  and  Gay-Lussac)  in  organic  chemistry,  it  was  a  very  import^int 
moment  in  its  history  when  it  bectime  possible  to  gain  an  insight  into  the  structure  of 
the  radicles  themselves.  It  was  clear,  for  instance,  that  ethyl,  C.^Hj,  or  the  radicle  of 
common  alcohol,  C^H^'OH,  passes,  without  changing,  into  a  number  of  ethyl  derivatives, 
but  its  relation  to  the  fetill  simpler  hydrocarbons  was  not  clear,  and  occupied  the  attention 
of  science  in  the  *  forties '  and  *  fifties.'  Having  obtained  ethyl  hydride,  C0H5H  =  C.^He,  it 
was  looked  on  as  containing  the  same  ethyl,  just  as  methyl  hydride,  CH4  =  CH5H,  was 
considered  as  existing  in  methane.  Having  obtained  free  methyl,  CH3CH5  =  C2Hg,  from 
it,  it  was  considered  as  a  derivative  of  methyl  alcohol,  CH5OH,  and  as  only  isomeric  with 
«thyl  hydride.  By  means  of  the  products  of  metalepsis  it  was  proved  that  this  is  not  a 
case  of  isomerism  but  of  strict  identity,  and  it  therefore  becajue  clear  that  ethyl  is 
methylated  methyl,  C..>H5  =  CH.2CHt,.  In  its  time  a  still  greater  impetus  was  given  by 
the  study  of  the  reactions  of  monochloracetic  acid,  CH.^CICOOH,  or  CO(CH^Cl)(OHi. 
It  appeared  that  metalepsical  chlorine,  like  the  chlorine  of  chloranhydrides — for  instance 
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It  is  not  only  hydrocarbons  which  are  subjected  to  metalepsis. 
Certain  other  hydrogen  compounds,  under  the  action  of  chlorine,  also 
give  corresponding  chlorine  derivatives  in  exactly  the  same  manner  ; 
for  instance,  ammonia,  caustic  potash,  caustic  lime,  and  a  whole  series 
of  alkaline  substances. ^^  In  fact,  just  as  the  hydrogen  in  marsh  gas 
can  be  replaced  by  chlorine  and  form  methyl  chloride,  so  the  hydrogen 
in  caustic  potash,  KHO,  ammonia,  NH3,  and  calcium  hydroxide^ 
CaHjOj  or  Ca(0H)2,  may  be  replaced  by  chlorine  and  give  potassium 
hypochlorite,  KCIO,  calcium  hypochlorite,  CaClaOa,  and  the  so-called 
chloride  of  nitrogen,  NCI 3.  Not  only  is  the  correlation  in  composition 
the  same  as  in  the  substitution  in  marsh  gas,  but  the  whole  mechanism 
of  the  reaction  is  the  same.  Here,  also,  two  atoms  of  chlorine  act : 
one  takes  the  place  of  the  hydrogen  whilst  the  other  is  evolved  as 
hydrochloric  acid,  only  in  the  former  case  the  hydrochloric  acid  evolved 
remained  free,  and  in  the  latter,  in  presence  of  alkaline  substances, 
the  hydrochloric  acid  formed  reacts  on  them.  Thus,  in  the  action  of 
chlorine  on  caustic  potash,  the  hydrochloric  acid  formed  acts  on 
another  quantity  of  caustic  potash  and  gives  potassium  chloride  and 
water,  and,  therefore,  not  only  KH0-|-C1.2=HC1  +  KC10,  but  also 
KHO  -h  HC1=H.20  +  KCl,  and  therefore  the  result  of  both  simultaneous 
phases  will  be  2KHO-hCl2=:H20-h  KCl -h  KCIO.  We  will  here  enter 
into  certain  special  cases. 

The  action  of  chlorine  on  ammonia  may  either  result  in  the  entire 
breaking  up  of  the  ammonia  with  the  evolution  of  gaseous  nitrogen,  or 
in  a  product  of  metalepsis  (as  with  CH4  and  H.2O).  With  an  excess 
of  chlorine  and  the  aid  of  heat  the  ammonia  is  decomposed,  with  the 
disengagement  of  free  nitrogen.*®     This  reaction  is  evidently  accom- 

of  methyl  chloride,  CH5CI,  or  ethyl  chloride,  C.2H5C1 — is  capable  of  Bubstitution ;  for 
instance,  glycoUic  acid,  CH2(0H)(C0.fH),  orCO(CH20H)(OH),  wag  obtained  from  it,  and 
it  appeared  that  the  OH  in  the  group  CH^COH)  reacted  like  that  in  alcohols,  and  it 
became  clear,  therefore,  that  it  was  necessary  to  examine  the  radicles  themselvoB  by 
analysing  them  from  the  point  of  view  of  the  bonds  connecting  the  constituent  atoms. 
Whence  arose  the  present  doctrine  of  the  structure  of  the  carbon  compounds.  (See 
Chapter  VUI.  Note  42.) 

'7  By  embracing  many  instances  of  the  action  of  chlorine  under  metalepsis  we  not 
only  explain  the  indirect  formation  of  CCI4,  NCI5,  and  Cl^O  by  one  method,  but  we  also 
arrive  at  the  fact  that  the  reactions  of  the  metalepsis  of  the  hydrocarbons  lose  that 
exclusiveness  which  was  often  ascribed  to  them.  Also  by  subjecting  the  chemical  repre- 
sentations to  the  law  of  substitution  we  may  foretell  metalepsis  as  a  particular  case  of  a 
general  law. 

^  This  may  be  taken  advantage  of  in  the  preparation  of  nitrogen.  If  a  large  excesa 
of  chlorine  water  be  poured  into  a  beaker,  and  a  small  quantity  of  a  solution  of  ammonia 
be  added,  then,  after  shaking,  nitrogen  is  evolved.  If  chlorine  act  on  a  dilute  solution 
of  ammonia,  then  the  volume  of  nitrogen  doos  not  correspond  with  the  volume  of  the 
chlorine  taken,  because  anmionium  hypochlorite  is  formed.  If  ammonia  gas  be  passed 
through  a  fine  orifice  into  a  vessel  containing  chlorine,  Ihen  the  reaction  of  the  formation 
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panied  by  the  formation  of  sal-ammoniac,  8NH3  4-3Cl2=6NH4Cl-f-N2. 
But  if  the  ammonium  salt  be  in  excess,  then  the  reaction  proceeds  with 
the  replacement  of  the  hydrogen  in  the  ammonia  by  chlorine.  The 
essence  of  the  matter  is  that  NH3  + SCla  forms  NCla+SHCl.^  The 
resulting  product  of  metalepsis,  or  clUoride  of  nitrogen^  NCI3,  dis- 
covered by  Dulong,  is  a  liquid  having  the  property  of  decomposing 
with  excessive  ease  not  only  when  heated,  but  even  under  the  action 
of  mechanical  influences,  as  by  a  blow  or  the  contact  of  certain  solid 
substances.  The  explosion  which  accompanies  the  decomposition  is  due 
to  the  fact  that  the  liquid  chloride  of  nitrogen  gives  gaseous  products, 
nitrogen  and  chlorine ;  a  large  volume  of  gas  is  evolved  instantaneously 
and  causes  the  explosion.  It  is  even  dangerous  to  prepare  this  sub- 
stance in  any  considerable  quantity.  Whenever  an  ammoniacal  sub- 
stance comes  into  contact  with  chlorine  great  care  must  be  taken, 
because  it  might  be  a  case  of  the  formation  of  such  products  and  a  very 
dangerous  explosion.  The  liquid  product  of  the  metalepsis  of  ammonia 
may  be  most  safely  prepared  in  the  form  of  small  drops  by  the  action 
of  a  galvanic  current  on  a  slightly  warm  solution  of  sal-ammoniac  ; 
chlorine  is  then  evolved  at  the  positive  pole,  and  this  chlorine,  acting 
on  the  ammonia,  gradually  forms  the  product  of  metalepsis,  which 
floats  on  the  surface  of  the  liquid  (because  it  is  borne  up  by  the  gas), 
and  if  a  layer  of  turpentine  be  poured  on  to  it  these  small  drops,   on 

of  nitrogen  is  accompanied  by  the  emission  of  light  and  the  appearance  of  a  cloud  of  kiU- 
ammoniac.     In  all  these  instances  there  mnst  be  an  excess  of  chlorine. 

^  The  hydrochloric  acid  formed  combines  with  anunonia,  and  therefore  the  result  is 
4NH3  +  8Cl.^  =  NCl-,  +  3NH4Cl.  Consequently,  more  ammonia  enters  into  the  reaction, 
but  the  metalepsical  aspect  of  the  reaction  in  reality  only  takes  place  with  an  excess  of 
ammonia  in  the  form  of  the  salt.  If  bubbles  of  chlorine  be  passed  through  a  fine  tube 
into  a  vessel  containing  ammonia  gas,  then  each  bubble  gives  rise  to  an  explosion.  If, 
however,  chlorine  be  passed  into  a  solution  of  ammonia,  then  the  reaction  first  directs 
itself  towards  the  formation  of  nitrogen,  because  chloride  of  nitrogen  acts  on  ammonia 
like  chlorine.  But  when  sal-ammoniac  begins  to  form,  then  the  reaction  directs  itself 
towards  the  formation  of  chloride  of  nitrogen.  The  first  action  of  chlorine  on  a  solution 
of  sal-ammoniac  always  consists  in  the  formation  of  chloride  of  nitrogen,  which  reacts  on 
ammonia  thus  :  XCl.-,  +  4NH-,=  N..,  +  8NH,Cl.  Therefore,  so  long  as  the  li<iuid  is  alka- 
line from  the  i)resence  of  ammonia  the  chief  product  will  be  nitrogen.  The  reaction 
NHiCl  +  8C1.2  =  NCl-,  +  4HCl  is  reversible;  with  a  dilute  solution  it  pnxeeds  in  the  above- 
described  direction  (perhaps  owing  to  the  affinity  of  the  hydrochloric  acid  for  the  excess 
of  water),  but  with  a  strong  solution  of  hydrochloric  acid  it  takes  the  opposite  direction 
(probably  in  virtue  of  the  affinity  of  hydrochloric  acid  for  ammoniaj.  Therefore  there 
must  exist  a  very  interesting  case  of  equilibrium  between  anunonia,  hydrochloric  acid, 
chlorine,  water,  and  chloride  of  nitrogen  which  has  not  yet  been  investigated.  The  re- 
action  NCI3  f  4HC1--NH,C1  +  3C1.2  enabled  Deville  and  Hautefeuille  to  determiue  the 
composition  of  chloride  of  nitrogen.  When  slowly  decomposed  by  water,  chloride  of 
nitrogen  gives,  like  a  chloranhydride,  nitrous  acid  or  its  anhydride  tJNCl.-,  +  8H.jO 
=  N.2O3 -f- «HC1.  From  these  observations  it  is  evident  that  chloride  of  nitrogen  prew^nts 
great  chemical  interest,  which  is  strengthened  by  its  analogy  with  trichloride  of  phos- 
phorus. 
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coming  into  eonta,et  wifch  the  turpentine,  give  feeble  explosions,  which 
are  in  no  way  dangerous,  owing  to  the  small  inwA&  of  the  substance 
formed.  The  drops  of  chltiride  ni  nitrogen  may,  with  greiit  pre«.aiition, 
be  collected  for  investigfttiuri  in  the  following  manner.  The  neck  of  a 
funnel  is  immersed  in  a  baein  containing  mercury,  and,  Hrst,  a  saturated 
solution  of  common  salt  is  poured  Into  the  funnel,  and  above  it  a  siolu- 
tion  of  sal-f4mmoniac  in  9  parts  oi  water.  Chlorine  is  then  slowly 
passed  through  the  solutions,  wlien  drops  of  chloride  of  nitrogen  fall 
into  the  salt  water.  It  is  a  yellow  oily  liquid  of  sp.  gr.  1'65,  whicli 
IkjIIs  at  71%  and  breaks  up  into  X  +  Cl-j  at  97^  The  contact  of  phos- 
phorus, turpentine,  india-rubber,  etc.,  causes  an  explosi<in,  which  is 
sometimes  so  violent  that  a  small  drop  will  pierce  through  a  thick 
board.  The  exceeding  facility  of  the  decomposability  of  chloride  of 
nitrogen  is  connected  with  the  fact  that  it  is  forme<i  with  an  ahsurption 
of  heat,  which  it  evolves  when  decomposed,  to  the  amount  of  about 
38000  heat  units  for  NClji,  as  Deville  and  Hautefeuille  determined^ 

C^hlorine,  when  abs^irbed  by  a  solution  of  caustic  s«j<;la  (and  also  of 
other  alkalis)  at  the  ordinary  temperature  causes  the  replacement  of 
the  hydrogen  in  the  caustic  soda  by  the  chlorine,  with  the  fonnation  of 
<8odium  chloride  by  the  hydrochloric  acid  formed,  so  that  the  re/ictioii 
may  be  represented  in  two  phases,  as  was  descriJ>ed  above.  In  this 
manner,  sodium  hypochlorite,  NaClO,  and  sodium  chloride  are  simul- 
tineously  formed  :  2NaH<>  +  Cl.^=NaCl  +  NaC10  +  H.j«>.  The  resultJint 
^solution  is  termed  *  eau  de  Javelle/  An  exactly  simOar  reaction  takes 
place  when  chlorine  is  passed  over  dry  hydrate  of  lime  at  the  ortlinary 
temperature  ;  2Cii(RiJ).^  -f  2Cl.j^CaCl2<J2  -f  CaCLj  +  i^H/).  A  mixture 
of  the  product  of  metalepsis  and  calcium  chloriile  is  obtained.  This 
mixture  is  employed  in  practice  on  a  large  scale,  and  is  termed  *  bleach- 
ing  powder,'  owing  to  its  acting,  especially  when  mixeil  witii  acids,  as  a 
bleaching  agent  on  tissues,  so  that  it  resembles  chlorine  in  this  respect, 
but  is  preferable  to  chlorine,  Ijecause  the  destructive  action  of  the 
chlorine  may  be  moderated  in  this  case,  and  liccause  it  is  much  more 
convenient  to  deal  with  a  solid  sulistance  than  with  gaseous  chlorine. 
Bleaching  powder  is  also  called  chloride  of  linujy  because  this  substance 
is  obtained  from  chlorine  and  hydrate  of  lime,  and  contains^**  both 

^  QQickliintt,  CiiO  (or  ciLlciniu  oarboiiiiti^,  CaCO^),  do«s  not&bdorb  cliloriue  when  oolilf 
bat  Ai  *  red  heiit,  in  a  curretifc  of  chlorini*,  it  fnmis  calcinm  chloride,  with  the  evolution 
of  oxygen.  Thi«  reivction  corr«'HfMyiidfe  witii  the  deoomiiOMUig  action  of  rhlorine  on 
inethjine,  Hnunonia,  and  water.  Sluked  lime  (calciuin  liydroxide,  CaH  ,0.^)  ftlso,  when  dry, 
fjoee  not  (vbiiorb  chloriiiti  at  100 -.  Tliti  ubsorptioii  (trocitedH  tit  thf)  ordmtiry  temperature 
(below  40'^).  Tht)  dry  masH  thus  obtained  contaiui^  not  lenH  than  ihrea  equival«>ntH 
of  calcium  hjdroxide  to  four  ec{uivalentii  of  ehlurinL^,  tto  that  itn  com|jO(iitian  iH 
lCft(H0)a]jCl4.  In  all  probabihty  a  nimple  absorption  of  chlorine  by  the  lime  at  ft  rut 
tnkeB  place  in  thia  caae,  as  may  Im  neon  from  the  fact  tliat  even  carbonic  anhydride,  when 
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these  substancps.  Tt  may  be  prepared  iu  the  laboratory  by  passing  8 
stream  \*f  chlorine  thi-ongh  a  cold  mixture  of  water  and  lime  (milk  of 
lime).  The  mixture  must  lie  kept  t-old,  as  otherwise  3Ca(C10)^  passes 
into  2CaCl.jH-Ca(C10j,)2.  In  the  manufacture  of  bleaching  powder 
large  quantities  at  chemical  works,  the  purest  possible  slaked  lime 


I 


Fl<J.  6k.-  Appitmitu?  lor  tint*  luiinnfiuaiuft  nf  blcaclilng  powdflf  fat  atnall  worlts)  by  thi.*  lu^tli 
oliloriiiBf  M'binli  is  geuerutcd  iu  tite  reiselA  C,  ou  Umei  which  i«i  clmrgi.il  into  AL 

taken  and  laid  in  a  tliiji  layer  in  large  flat  chambers,  M  (whose  walk 
are  made  of  Yorkshii^  flags  or  tarred  wootl,  on  which  chlorine  has  no 
action),  and  into  which  chlorine  gas  is  introduced  by  le^d  tubes, 
distribution  of  the  plant  is  shown  in  the  annexed  drawing  (fig,  68). 

aetiii>(  u»i  the  dn,'  ma^ft  obtuinetl  ft**  al»ovt%  ciis+'ijgA'^es  nil  tlie  clilorine  from  it,  lormia 
only  caldyin  carlioimte.  But  if  th«  bleach iiig-powt] it  l)t  obtained  by  a  wet  im^thod^  or  i 
it  be  diKHoIved  in  water  Ot  is  very  aoloble),  and  mrboaie  imbydride  be  pasfi^'d  into  il 
thim  cblorine  iu  do  longer  diKeii|(iif(ed,  but  rijloriiie  oxidt%  CljO,  and  only  biilf  nf  tbi 
ch.!orir>e  is  eonvt-rted  into  tbiw  oxide*  whib*  the  oUier  balf  remains  in  the  Liquid 
calcium  chloride.  From  tbin  it  may  Iw  Hupiumod  that  calcium  chloride  ii*  foftu«?d  by  lln 
action  of  water  on  bleaching  powder,  and  tbisi  ih  proved  to  be  Lbt?  ca«e  by  the  faet  tltn 
ftm^  quantitiftH  of  water  extract  much  calcium  eldoinde  from  bleaching-powder.  II 
lar^e  quanlity  of  water  act  on  bleach  in  jf- powder  tliere  remains  an  excew  i>f  ealciv 
hydroxide,  a  portion  of  which  is  not  anhjected  to  change.  The  ttction  of  the  winter  mmjj 
b«  expressed  by  the  following  fonnnlie  :  From  the  drj'  mans  Ca3(HO)nCl4  there  it*  tonu«« 
little,  Ca(HO>.^,  <i»U€inm  chloride,  CaCl^,  and  a  aniiQe  Hubatance,  Ca(C10)a.  (.'a^HeO^CL 
-  C&H.Pj  +  CaCLO.j  +  CaCl J  4  2HgO.  The  resulting  substanceH  are  not  ec|ually  ftohible j 
water  fir^t  extrartn  the  ralcium  chloride,  which  is  the  moat  soluble,  then  the  cfnnpouuq 
Ca(CIO).^,  and  ralcitim  hydroxide  is  nltiinately  left.  A  iiiix^ture  of  calcinm  chloride 
hypochlorite  piiflf^s  int^i  iioluLion*  On  t?vai>orBtion  there  remains  Ca-jOjfl4,BH,iO. 
dry  bleaching^-powder  doeii  not  ah&orb  more  chlorine,  but  the  Rolotion  is  able  to  abaorlk 
it  in  considerable  quantity.  If  the  liquid  be  boiled,  a  considerable  amount  of  chlarin 
monoxide  la  evtdvcd.  After  this  calcitmi  chloride  alone  remaiuji  in  solation,  and 
dwompoaition  may  l>e  erpresBed  a«  foUowa:  CaCU  +  CaClaOa  +  SCla-aCaCK^  +  HCI^C 
Chlorine  monoxide  may  be  prepared  in  this  manner. 

tt  in  KOiiietimOK  Kaid  that  ble:i.ehin^-powder  coutaiUK  a  ^ubtstivuce,  Ca^OHljCl^  lill 
citkiuni  peroxide,  CttO^^  in  which  one  i*tom  of  oxypen  is  replaced  by  (OH).>,  and  lh<?  oth 
by  CU  ;  bntp  judi^injj:  from  what  ha&  been  Niid  above^  thid  can  only  be  admitted  in  tli^ 
dry  TnaHH,  and  rjot  in  ^obitionn. 

After  lx4ng  kept  for  Koine  time,  bleAching' powder  i«ometimeB  deoompoBea,  w^itb  ill 
fsvoUition  of  oxygen  I  page  101) ;  the  wiine  t^ken  place  when  it  in  beuted. 
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The  products  of  the  metalepsis  of  alkaline  hydrates,  NaClO  and 
Ca(C10)2,  which  are  held  in  solutions  of  *  Javelle  salt/  and  bleaching 
powder  (they  are  not  obtained  free  from  metallic  chlorides),  must  be 
counted  as  salts,  because  their  metals  are  liable  to  substitution.  But 
the  hydrate  HCIO  corresponding  with  these  salts,  or  hypochloraus 
acid,  is  not  obtained  in  a  free  or  pure  state,  for  two  reasons  :  in  the 
first  place,  because  this  hydrate,  as  a  very  feeble  acid,  splits  up  (like 
H2CO3  or  HNO3)  into  water  and  the  anhydride,  or  chlorine  monoxide, 
Cl20=2HC10  — H2O  ;  and,  in  the  second  place,  because,  in  a  number 
of  instances,  it  evolves  oxygen  with  great  facility,  forming  hydrochloric 
acid  :  HC10=HCl  +  0.  Both  hypochlorous  acid  and  chlorine  monoxide 
may  be  regarded  as  the  product  of  the  metalepsis  of  water,  because 
HOH  corresponds  with  ClOH  and  ClOCl.  Hence,  in  many  instances,, 
bleaching  salts  (a  mixture  of  hypochlorites  and  chlorides)  break  up, 
with  the  evolution  of  (1)  chlorine,  under  the  action  of  an  excess  of  a 
powerful  acid,  capable  of  evolving  hydrochloric  acid  from  sodium  or 
calcium  chlorides,  and  which  is  most  simple  under  the  action  of 
hydrochloric  acid  itself,  ]>ecause  (p.  456)  NaCl+NaC10-|-3HCl 
=2NaCl-hHCl-hCl2-hH20;  (2)  oxygen,  as  we  saw  in  Chapter  IIL 
(p.  161) — the  bleaching  properties  and,  in  general,  oxidising  actioik 
of  bleaching  salts  is  based  on  this  evolution  of  oxygen  (or  chlorine) ; 
oxygen  is  also  disengaged  on  heating  the  dry  salts — for  instance, 
NaCl-hNaClO=2XaCl4-0;  (3)  and,  lastly,  chlorine  monoxide,  which 
contains  both  chlorine  and  oxygen.  Thus,  if  a  little  sulphuric,  nitric,  or 
similar  acid  (in  order  that  hydrochloric  acid  should  not  yet  be  produced) 
be  added  to  a  solution  of  a  bleaching  salt  (which  has  an  alkaline  reac- 
tion, owing  either  to  an  excess  of  alkali  or  to  the  feeble  acid  properties 
of  HCIO),  then  the  hypochlorous  acid  set  free  gives  water  and  chlorine 
monoxide.  If  carbonic  anhydride  (or  boracic  or  a  similar  very  feeble 
acid)  act  on  the  solution  of  a  bleaching  salt,  then  hydrochloric  acid  is 
not  evolved  from  the  sodium  or  calcium  chlorides,  }>ut  the  hypochlorous 
acid  is  displaced  and  gives  chlorine  monoxide,'*  because  hypochlorous 
acid  is  one  of  the  most  feeble  acids  (p.  371).  An  excellent  method  for 
the  preparation  of  chlorine  monoxide  is  l>a8ed  on  these  feeble  acid  pro- 
perties of  hypochlorous  acid.     Zinc  oxide  and  mercury  oxide,  under 

•''*  For  this  reason  it  is  necessarj'  that  in  the  formation  of  bleaching:  powder  the  chlorine 
should  be  free  from  hydrochloric  acid,  and  even  the  lime  from  calcium  chloride.  An 
excels  of  chlorine,  in  acting  on  a  Rolution  of  bleaching-jMwder,  may  alno  give  chlorine 
monoxide,  becaase  calcium  carbonate  alsfj  gives  chlorine  monoxide  under  the  action  of 
chlorine.  Tliis  reaction  may  l>e  brought  about  by  treating  freshly-precipitated  calcium 
cart>onate  with  a  stream  of  chlorine  in  water  :  2CL-i-CaC03  =  CO.^-^CaClj-f  CLO.  From 
this  we  may  conclude  tliat,  although  carbonic  anhydride  displaces  hj-pochlorous  anhy- 
dride, it  may  be  itself  displaced  by  an  excess  of  tlie  latter. 
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the  action  of  chlorine  in  the  presence  of  water,  do  not  give  a  salt  of 
iiypochlorous  acid,  but  form  a  chloride  and  hypochlorous  acid,  which 
fact  shows  the  incapacity  of  this  acid  to  combine  with  the  given  bases. 
Therefore,  if  such  oxides  as  those  of  zinc  or  mercury  be  shaken  up  in 
water,  and  chlorine  be  passed  through  the  turbid  liquid,^^  a  reaction 
occurs  which  may  be  expressed  in  the  following  manner  :  2HgO  +  2Clj 
=Hg20Cl2  +  Cl20.  In  this  case,  a  compound  of  mercury  oxide  with 
mercury  chloride,  or  the  so-called  mercury  oxychloride,  is  obtained  : 
Hg20Cl2==HgO  +  HgClg.  This  is  insoluble  in  water,  and  is  not  affected 
by  hypochlorous  anhydride,  so  that  the  solution  will  contain  hypo- 
chlorous  acid  only,  but  the  greater  part  of  it  splits  up  into  the  anhydride 
and  water. 

A  solution  of  hypochlorous  anhydride  is  also  obtained  by  the  action 
of  chlorine  on  many  salts  ;  for  ^xample,  in  the  action  of  chlorine  on  a 
solution  of  sodium  sulphate  the  following  reaction  takes  place : 
Na2S04  +  H20  +  Cl2  =  NaCl  +  HC10  +  NaHS04.  Hence  her«  the 
hypochlorous  acid  is  formed,  together  with  HCl,  at  the  expense  of  the 
reaction  of  chlorine  on  water,  for  Cl2  +  H20=HCl-hHC10.  If  the 
crystallo-hydrate  of  chlorine  be  mixed  with  mercury  oxide,  then  the 
hydrochloric  acid  formed  in  the  reaction  gives  mercury  chloride,  and 
hypochlorous  acid  remains  in  solution.  A  dilute  solution  of  hypo- 
chlorous acid  or  chlorine  monoxide  may  be  concentrated  by  distillation, 
and  if  a  substance  which  takes  lip  water  (without  destroying  the  acid) 
— for  instance,  calcium  nitrate — be  added  to  the  stronger  solution 
then  the  anhydride  of  hypochlorous  acid — i.e.  chlorine  monoxide — is 
disengaged. 

In  the  bleaching  salts  and  hypochlorous  salts  which  correspond 
with  chlorine  monoxide  and  contain  the  two  elements  oxygen  and 
chlorine,  which  both  act  in  an  oxidising  manner,  we  see  a  characteristic 
example  of  a  compound  of  elements  which,  in  the  majority  of  cases,  act 
chemically  in  an  analogous  manner.  Chlorine  jnonoxide,  as  prepared 
from  an  aqueous  solution  by  the  abstraction  of  water  or  by  the  action 
of  dry  chlorine  on  cold  mercury  oxide,  is,  at  the  ordinary  temperature, 
a  gas  or  vapour  which  condenses  into  a  red  liquid  boiling  at  -f  20°  and 
giving  a  vapour  whose  density  (43  referred   to  hydrogen)  shows  that 

•^-  Dry  red  mercury  oxide  acts  on  clilorine,  forming  dry  Iiypochlorous  anhydride 
{chlorine  monoxide)  (Balard);  wlien  mixed  with  water,  red  mercury  oxide  acts  feebly  on 
chlorine,  and  when  freshly  precipitated  it  evolves  oxygen  and  chlorine.  An  oxide  of 
mercury  which  easily  and  abundantly  evolves  chlorine  monoxide  under  the  action  of 
chlorine  in  the  presence  of  water  may  be  prepared  as  follows  :  the  oxide  of  mercury. 
precipitated  from  a  mercuric  salt  by  an  alkali,  is  heated  to  .SOO^  and  cooled  (Pelouze).  If 
a  salt,  MClO,  be  added  to  a  solution  of  mercuric  salt,  HgX^,  then  mercuric  oxide  i»i 
liberated,  because  the  hypochlorite  is  decomposed. 
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2  vols,  of  chlorine  and  1  vol.  of  oxygen  give  2  vols,  of  chlorine 
monoxide.  In  an  anhydrous  form  the  gas  or  liquid  easily  explodes, 
.splitting  up  into  chlorine  and  oxygen.  This  explosiveness  is  determined 
by  the  fact  that  heat  is  evolved  in  the  decomposition  to  the  amount  of 
Al)Out  15000  heat  units  for  Cl^O.^^  The  explosion  may  even  take  place 
accidentally,  and  also  in  the  presence  of  many  oxidisable  substances 
(for  instance,  sulphur,  organic  compounds,  <fec.),  but  the  solution, 
althpugh  unstable  and  showing  strong  oxidising  properties,  does  not 
^ive  any  explosion.^^ 

Hypochlorous  acid,  its  salts,  and  chlorine  monoxide  serve  as  a 
transition  between  hydrochloric  acid,  chlorides,  and  chlorine,  and  a 
whole  series  of  compounds  containing  the  same  elements  combined 
-with  a  still  greater  quantity  of  oxygen.  The  higher  oxides  of  chlorine, 
«ven  in  their  origin,  are  closely  connected  with  hypochlorous  acid  and 
its  salts  : 

CI2,      NaCl,      HCl,      hydrochloric  acid. 

CI2O,    NaClO,    HCIO,    hypochlorous  acid.  ^ 

Cl^Og,  NaClOa,  HCIO^,  chlorous  acid-^"*    - 

Cl.Os,  NaClOg,  HCIO3,  chloric  acid. 

CI2O7,  NaC104,  HCIO4,  perchloric  acid. 

When  heated,  solutions  of  hypochlorites  undergo  a  remarkable 
<3hange.     Themselves  so  unstable,  they,  without  the  iuldition  of  any- 

•'*''  All  explosive  substances  are  of  tliis  kind — ozone,  hydrogen  peroxide,  chloride  of 
nitrogen,  nitro-compounds,  i^c.  Hence  they  cannot  be  formed  directly  from  the  elemente 
•or  their  simplest  compounds,  but,  on  the  contrary,  decompose  into  them.  In  a  liquid 
«)tate  chlorine  monoxide  even  exploiles  on  contact  with  powdery  substances,  or  when 
rapidly  agitated — for  instance,  if  a  file  be  rasped  over  the  vessel  in  which  it  is. 

^*  A  solution  of  chlorine  monoxide,  or  hypochlorous  acid,  does  not  explode,  owing  to 
the  piesence  of  the  mass  of  water.  In  dissolving,  chlorine  monoxide  evolves  about  9000 
heat  units,  so  that  its  store  of  heat  becomes  less. 

The  capacity  of  hypochlorous  acid  for  entering  into  combination  with  the  unsaturated 
hydrocarbons  (Carius  and  others)  is  very  often  taken  advantage  of  in  organic  chemistry. 
Thus  its  solution  absorbs  ethylene,  forming  the  chlorhydrin  C^H^Cl'OH. 

The  oxidising  action  of  hyi>ochlorou8  acid  and  its  salts  is  not  only  applied  to  bleaching 
but  also  to  many  reactions  of  oxidation.  Thus  it  converts  the  lower  oxides  of  manganese 
into  the  i>eroxide. 

**  Chlorous  acidy  HCIO-.  (judging  from  the  data  given  by  Millon,  Brandau,  and 
•others)  in  many  reH]>ects  resembles  hypochlorous  acid  HCIO,  whilst  they  botli  differ  from 
•chloric  and  perchloric  acids  in  their  degree  of  Ktability,  which  is  expressed,  for  instance, 
in  their  bleaching  properties ;  the  two  higher  acids  do  not  bleach,  but  both  the  lower  ones 
^o  so  (oxidise  at  the  ordinary  temperature).  On  the  other  hand,  chlorous  acid  is  ana- 
logous to  nitrous  acid,  HNO.^.  The  anhydride  of  chlorous  acid,  Cl-jO;,  is  not  known  in  a 
pure  state,  but  it  probably  occurs  in  admixture  with  chlorine  dioxide,  ClOj,  which  is  ob- 
tained by  the  action  of  nitric  and  sulphuric  acids  on  a  mixture  of  potassium  chlorate  with 
^uch  reducing  substances  as  nitric  oxide,  arsenious  oxide,  sugar,  <Vc.  All  that  is  at  pre- 
-sent  known  is  that  pure  clilorine  dioxide  CIO.2  {see  Notes  89-43)  is  gradually  converted 
into  a  mixture  of  hypochlorous  and  chlorous  acids  under  the  action  of  water  (and  alkaUs) 
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thing,  yield  two  fresh  salts  which  are  both  much  more  stable  ;  one^ 
contains  more  oxygen  than  MClO,  the  other  contains  none  at  all. 

3MC10  =  MCIO3   +   2MC1 

liyX)Oclilorite        chlorate  chloride. 

Part  of  the  salt — namely,  two-thirds  of  it — parts  with  its  oxygen  in. 
order  to  oxidise  the  remaining  third.^^  From  an  intermediate  sub- 
stance, RX,  there  proceed  two  extremes,  R  and  RX3,  just  as  from 
nitrous  anhydride  there  proceed  nitric  oxide  and  nitric  anhydride  (or 
nitric  acid):  3N203=N20r,H-4NO.  The  resulting  salt  MCIO3  cor- 
responds with  chloric  acid  and  potassium  chlorate,  KCIO3.  It  is 
evident  that  a  similar  salt  is  obtained  directly  by  the  action  of  chlorine 
on  an  alkali  if  its  solution  be  heated,  because  RCIO  will  be  first  formed, 
and  then  RCIO3  ;  for  example,  6KHO  +  3Cl.,=KC103  +  5Ka  +  3HsO. 
Chlorates  are  formed  thus  ;  for  instance,  poUisaium  chlorate^  which  is 

that  is,  it  acts  like  nitric  peroxide,  NO2  (giving  HNO3  and  HNO>),  or  as  a  mixed  anhydride^ 
2C108-»-H20  =  HC103  +  HC102.  The  silver  salt,  AgClOg,  is  sparingly  soluble  in  water. 
The  investigations  of  Garzarolli-Thumlackh  and  others  seem  to  show  that  the  anhydride 
CI3O3  does  not  exist. 

'^  Hydrochloric  acid,  which  forms  an  example  of  compounds  of  this  kind,  is  a  satu- 
rated substance  which  does  not  combine  directly  with  oxygen,  but  in  which,  nevertheless, 
a  considerable  quantity  of  oxygen  may  be  inserted  between  the  elements  forming  it. 
The  same  may  be  observed  in  a  number  of  other  cases.  Thus,  for  instance,  oxygen  may 
be  added  or  inserted  between  the  elements,  sometimes  in  considerable  quantities,  in  the 
saturated  hydrocarbons ;  for  instance,  in  C^Hj,  three  atoms  of  oxygen  produce  an  alcohol, 
glycerin  or  glycerol  C5H5(OH)-.  We  shall  meet  with  similar  examples  hereafter.  This 
is  explained  generally  by  regarding  oxygen  as  a  bivalent  element — that  is,  as  capable  of 
combhiing  with  two  different  elements,  such  as  chlorine,  hydrogen,  &c.  On  the  basis  of 
this  view,  it  may  be  inserted  between  each  pair  of  combined  elements ;  the  oxygen  will 
then  be  combined  with  one  of  the  elements  by  one  of  its  affinities  and  with  the  other 
element  by  its  other  affinity.  This  view  does  not,  however,  express  the  entire  substance 
of  the  matter,  even  when  applied  to  the  compounds  of  chlorine.  Hypochlorous  acid, 
HOCl — that  is,  hydrochloric  acid  in  which  one  atom  of  oxygen  is  inserted — is,  as  we  have 
already  seen,  a  substance  of  small  stability ;  it  would  therefore  be  expected  that  on  the 
addition  of  a  fresh  quantity  of  oxygen  a  still  less  stable  substance  would  be  obtained, 
because,  according  to  the  above  view,  the  chlorine  and  hydrogen,  which  form  such  a 
stable  compound  together,  are  then  still  further  removed  from  each  other.  But  it  appears 
that  chloric  and  perchloric  acid,  HCIO5  and  HClOj,  are  much  more  stable  substances. 
Furthermore,  the  addition  of  oxygen  has  also  its  limit,  it  can  only  be  added  to  a  certain 
extent.  If  the  above  representation  were  true  and  not  formal,  then  a  limit  to  the  com- 
bination of  oxygen  could  not  be  looked  for,  and  the  more  it  entered  into  one  uninter- 
rupted chain  the  more  stable  would  be  the  resultant  compound.  But  not  more  than  four 
atoms  of  oxygen  can  be  added  to  hydrogen  sulphide,  nor  to  hydrochloric  acid,  nor  to 
hydrogen  phosphide.  This  iwjculiarity  must  lie  in  the  properties  of  oxygen  itself ;  four 
atoms  of  oxygen  seem  to  have  the  power  of  fonning  a  kind  of  radicle  which  retains  two 
or  several  atoms  of  different  other  substances — for  (example,  chlorine  and  hydrogen, 
hydrogen  and  sulphur,  sodium  and  manganese,  phosphorus  and  metals,  etc.,  forming 
comparatively  stable  compounds,  NaClOi,  Ntt.jS04,  NaMnOj,  Na.-,PO|,  Arc.  See  Chapter  X. 
Note  1. 
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^easily  aeparated  from  potassium  chloride,  because  it  is  sparingly  soluble 
ill  cold  water, '^ 

If  dilute  sulphuric  acid  be  added  t4ta  soJution  of  potassium  clilorate, 
then  Moric  tKiti  is  liJ^erated  ;  but  it  cannot  be.sepamted  by  distillation, 
.as  it  is  decomposed  in  the  process.  To  obtain  the  free  acid  sulphuric 
acid  must  be  added  to  a  sohition  of  barium  chlorate. ^^  The  sulphEric 
^cid  gives  a  precipitate  of  Ijanum  sulphate  with  the  barium,  and  free 
chloric  acid  remains  in  solution.  The  solution  may  be  evaporated 
under  the  receiver  of  an  airpuiiip.  This  solution  is  colourless,  has  no 
smell,  and  acts  as  a  powerful  acid  (it  saturates  sodium  hydroxide, 
decomposes  sodium  carbonate,  gives  hydn>gen  with  zLtio,  ifec,) ;  when 


^'  If  chlorine  be  passed  throngh  a  cold  «olution  of  polAfth,  then  a  bleoGbiiig  compound, 
potassium  chloride  luid  bypochJorite,  HCl^  KC10»  is  formed*  but  if  it  be  paeacd  Ihrotigh 
a  hot  Eiotution  potasHJ u m  cbhirate  in  fDmied.  As  tbiii  it»  «pimiigly  ^able  in  water,  it 
chokes  tbe  g^aB-couductiug  tal.ve,  whieb  should  therefore  be  widened  out  at  the  end. 

PotttRHium  clilomte  is  iismiUy  prepared  on  a  large  sctvle  from  cnlciiim  chlorate,  which 
ifl  prepared  by  paesing  chlorine  (a«  lonjj  a**  it  is  abi»orbed)  into  water  containing  lime,  tbtii  • 
mixture  being  kept  w»wtii,  A  mixture  of  ealciom  chlorate  and  chloride  in  thus  formed 
in  tbe  aolntjon.  PotitHHtum  chloride  i«  tlieii  addled  tathe  warm  fiolutiottt  *nd  on  cooling 
«.  precipitation  of  potA^ttium  chlorate  in  formed  flfS  a  substance  which  is  flparingly  fto!able 
in  cold  water,  especially  in  the  presences  of  other  aalts.  The  double  deeom[>Oflition  taking 
place  is  Ca(CIO.'s)  j  ^  'iKCl  =  CaCK  ^  3KC1<>-,.  On  a  small  scale  in  the  liiboratory  potawi  urn 
cblorate  is  beet  prepared  from  a  Htrting  Rohition  of  bleaching  powder  by  passing  chlorine 
tlirongb  it  and  then  adding  potiiaainm  chh>ride. 

PotaHHtum  chlorate  crystaUisee  easily  in  large  coloarle^  tabular  crystals.  Its  solu- 
Ibaity  in  100  partK  of  water  at  0^=  Sparta,  20  ::-  H  parts, 40^=  14  part%  (W  =  35  parts, 
80*^  =  iO  parts.  For  coniparison  we  will  cite  tlie  following  figures  Hhowing  the  solubility  ol 
potassium  chloride  and  percbtorate  in  lOU  part^  of  water:  potaasium  chloride  at  0^  =28 
parts,  20°  =  85  parte,  40'' =  40  parts,  100^=  57  jmrta;  potassium  perchlorate  at  0-  about  1 
part.  2<r  iibout  If  parts,  100^  about  IH  parts.  When  heated  potassium  chlorate  meU»  (the 
melting  point  has  been  given  as  from  836^-870-';  according  to  the  latest  determinatjoo  by 
-CiimeHi'y,  859)  and  decomposes  with  the  evolution  of  oxygen,  potassium  perchhirat«i 
being  lit  tir^t  formed,  as  will  afterwards  tie  deukcribed,  A  mixture  of  poiaasium  chlorate 
iiud  nitric  and  hydrot'hloric  acida.  bringt^  abont  oxidation  and  chlorination  in  solutions. 
It  deliagrfttt^'H  when  thrown  upon  iucandeM-ent  carbon,  and  when  mixed  with  sulphur  (^ 
hj  weight)  it  sets  light  to  it,  even  when  struck,  in  which  case  an  explosion  takes  place* 
The  sajne  occurs  with  many  metallic  solphides  and  organic  Bub^tanceH,  Such  mixtures 
are  inflamed  by  a  drop  of  nulphuric  acid.  All  these  effects  are  due  to  the  large  amount 
of  oxygen  contained  in  xxitasHimii  chlorate,  and  to  the  ease  with  which  it  is  eyolved*  A 
mixture  of  two  parts  of  potafisium  chlorate,  one  part  of  sugar,  and  one  part  of  yellow 
pruaaiaie  of  f>ota9li  acts  like  gunpowder,  but  it  bftma  very  rapidly,  and  therefore  bursta 
the  guns,  and  also  it  has  a  very  strong  oxidising  action  on  their  metal.  The  sndiom  salt, 
NaClO;;,  in  much  more  Bolable  than  the  potaMeium  salt,  and  it  is  therefore  more  diffictllt 
to  free  it  from  srtdium  eldoride,  iV'c.  The  barium  salt  is  also  more  soluble  than  the 
potassium  salt;  0'=  24  parts,  30°=  87  parts,  80*^=  98  jjarts  of  salt  per  lOO  of  water. 

^^  Barium  chlorate,  Ba(C  105)3,11^0,  is  prepared  in  the  following  way  :  impure  chloric 
acid  IB  first  prepared  and  saturated  with  baryta,  and  the  barium  salt  purified  by  crystal- 
lisation. The  impure  free  chloric  acid  is  obtaine«l  by  converting  the  fiota senium  in  potas- 
«ium  chlorate  into  an  inKolnble  salt.  This  b  done  by  adding  tartaric  or  hydrofiuosilicic 
acid  to  a  solution  of  potassium  chlorate,  because  potassium  tartrate  and  potassium  sihco* 
Huoride  are  very  sparingly  soluble  in  water.    Chloric  acid  is  easily  soluble  in  water. 
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heated  above  40®,  however,  it  decomposes,  forming  chlorine,  oxygen, 
and  perchloric  acid  :  4HC103=2HC104H-H20  +  Cl2H-03.  When  con- 
siderably concentrated  the  acid  acts  as  an  exceedingly  energetic  oxi- 
diser,  so  that  organic  substances,  when  brought  into  contact  with  it, 
burst  into  flame.  Iodine,  sulphurous  acid,  and  similar  substances 
liable  to  oxidation  form  higher  oxidation  products  and  reduce  the 
chloric  acid  to  hydrochloric  acid.  Hydrocliloric  acid  gas  gives  chlorine 
with  chloric  acid  in  the  same  manner  as  it  acts  on  the  lower  acids : 
HC103  +  5HC1=3H20  +  3C1,. 

By  cautiously  acting  on  potassium  chlorate  with  sulphuric  acid,  the 
dioxide  (chloric  peroxide\  ClOj,'^  is  obtained  (Davy,  Millon).  This  gas 
is  easily  liquefied  in  a  freezing  mixture,  and  the  liquid  boils  at  +10°. 
The  vapour  density  (about  35  if  H=l)  shows  that  the  molecule  of  this 
substance  is  ClO^.^*^  In  a  gaseous  or  liquid  state  it  very  easily  explodes 
(for  instance,  at  60°,  or  by  contact  with  organic  compounds  or  finely 
divided  substances,  &c.),  forming  CI 2  and  O,  and  it  therefore  in  many 
*  instances  ^^  acts  as  an  oxidising  agent,  although  (like  nitric  peroxide) 
it  may  be  itself  further  oxidised. '•^  In  dissolving  in  water  or  alkalis 
chloric  peroxide  gives  chlorous  and  hjrpochlorous  acids — 20102  + 2KH0 
=KC103  +  KC102  +  H20 — and  therefore,  like  nitric  peroxide,  the  di- 
oxide maybe  regarded  as  an  intermediate  oxide  between  the  (unknown) 
anhydrides  of  chlorous  and  chloric  acids  :  4C102=Cl203-}-Cl205.^3 

"'®  100  grams  of  Bulphuric  acid  are  cooled  in  a  mixture  of  ice  and  salt,  and  15 
grams  of  powdered  potassium  chlorate  are  gradually  added  to  the  acid,  which  is  then 
carefully  distilled  at  '20°  to  40^,  the  vapour  given  off  being  condensed  in  a  freezing  mixture. 
Potassium  perchlorate  is  then  formed:  3KC10--f  2H...SOt  =  2KHSO,  + KCIO, +  2C10..> 
^■H.20.  The  reaction  may  result  in  an  explosion.  Calvert  and  Davies  obtained  chloric 
peroxide  without  the  least  danger  by  heating  a  mixture  of  oxalic  acid  and  potassium 
chlorate  in  a  test  tube  in  a  water-bath.  In  this  case  2KC10-  +  8C..H.^O42H.2O 
=  2CoHK0,  +  tiCOo  +  2C10.,>  +  HHoO.  The  reaction  is  still  further  facilitated  by  the  addi- 
tion of  a  small  quantity  of  sulphuric  acid. 

*^  By  analogy  with  nitric  peroxide  it  would  be  expected  that  at  low  temi)eratures  a 
doubling  of  the  molecule  into  CljOj  would  take  place,  as  the  reactions  in  wliich  it 
acts  as  the  mixed  anhydride  of  HClOj  and  HCIO-  point  out. 

*i  Owing  to  the  formation  of  this  chlorine  dioxide,  a  mixture  of  potassium  chlorate 
and  sugar  is  inflamed  by  a  drop  of  sulphuric  acid.  This  ])r()perty  was  formerly  made 
use  of  for  making  matches,  and  is  now  sometimes  employed  for  setting  fire  to  explosive 
charges  by  means  of  an  arrangement  in  which  the  acid  is  caused  to  fall  on  the  mixture 
at  the  moment  required.  An  interesting  experiment  on  the  combustion  of  phosphorus 
under  water  may  be  conducted  with  chlorine  dioxide.  Pieces  of  phosphorus  and  of 
potassium  chlorate  are  placed  under  water,  and  sulphuric  acid  is  j)oured  into  them 
(through  a  long  funnel) ;  the  phosphorus  then  burns  at  the  expense  of  the  chlorine  dioxide. 

**  l\)tassium  j>ermanganate  oxidises  chlorine  dioxide  into  chloric  acid  (Fiirst). 

*^  The  euchlorine  obtained  by  Davy  by  gently  heating  potassium  chlorate  with  hydro- 
chloric acid  is  (Pebalj  a  mixture  of  chlorine  dioxide  and  free  chlorine;.  The  licpiid  and 
gaseous  chlorine  oxide  (Note  35),  which  Millon  considered  to  be  Cl..(\-,.  ])robably  contains 
a  mixture  of  CIO.,  (vapour  density  8.")),  Cl/3-  (whose  vapour  density  should  be  59),  and 
chlorine  (vai)our  density  Suf)),  because  its  vai)Our  density  was  determined  to  be  about  40. 
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As  the  salts  of  chloric  acid,  HCIO3,  are  produced  by  the  oxidation  of 
the  salts  of  hypochlorous  acid,  so,  in  a  similar  manner,  the  salts  of  per- 
chloric acid,  HCIO4,  are  produced  by  the  oxidation  of  the  salts  of  chloric 
acid,  HCIO3.  But  this  is  the  highest  form  of  the  oxidation  of  HCl. 
PerchloAc  acid,  HCIO4,  is  the  most  stable  of  all  the  acids  of  chlorine. 
When  fused  potassium  chlorate  begins  to  swell  tip  and  solidify,  after 
having  parted  with  one-third  of  its  oxygen  ;  then  potassium  chloride 
and  potassium  perchlorate  are  formed,  2KC103=KC104  4-KCl-}-02. 

The  formation  of  this  salt  is  clearly  remarked  in  the  preparation 
of  oxygen  from  potassium  chlorate,  owing  to  the  fact  that  the  potas- 
sium perchlorate  fuses  with  greater  difficulty  than  the  chlorate,  and 
therefore  appears  in  the  molten  salt  as  solid  grains.  (Under  the  action 
of  certain  acids — for  instance,  sulphuric  and  nitric — potassium  chlorate 
also  gives  potassium  perchlorate.)  It  may  be  easily  purified,  because  it 
is  but  sparingly  soluble  in  water,  although  all  the  other  salts  of  per- 
chloric acid  are  very  soluble  and  even  effloresce  in  the  air.  It  is  a 
remarkable  fact  that  the  perchlorates,  although  they  contain  more 
oxygen  than  the  chlorates,  are  decomposed  with  greater  difficulty,  and, 
even  when  thrown  on  ignited  charcoal,  give  a  much  feebler  deflagration 
than  the  chlorates.  Sulphuric  acid  (at  a  temperature  not  below  100°) 
evolves  volatile  and,  to  a  certain  extent,  stable  perchloric  acid  from 
potassium  perchlorate.  Neither  sulphuric  nor  any  other  acid  will 
further  decompose  perchloric  acid  as  it  decomposes  chloric  acid.  Of 
all  the  acids  of  chlorine,  perchloric  acid  alone  can  be  distilled.**^  The 
pure  hydrate  HCIO4  *^  is  a  colourless  and  exceedingly  caustic  substance 

**  If  a  solution  of  chloric  acid,  HC10-„  be  first  concentrated  over  sulphuric  acid  under 
the  receiver  of  an  air-pump  and  afterwards  distilled,  then  chlorine  and  oxygen  are  evolved 
and  perchloric  acid  formed:  4HC103  =  2HC104  +  C1.2  +  80  +  H,0.  Roscoe  accordingly 
directly  decomposed  a  solution  of  potassium  chlorate  by  hydrofiuosilicic  acid,  decanted  it 
from  the  precipitate  of  potassium  silicofluoride,K.,,SiFt5,  concentrated  the  solution  of  chloric 
acid,  and  then  distilled  it,  perchloric  acid  being  then  obtained  (see  following  footnote). 
That  chloric  acid  is  capable  of  passing  into  perchloric  acid  is  also  seen  from  the  fact  that 
potassium  permanganate  is  decolorised,  although  slowly,  by  the  action  of  a  solution  of 
chloric  acid.  On  decomposing  a  solution  of  potassium  chlorate  by  the  action  of  an  elec- 
tric current,  potassium  perchlorate  is  obtained  at  the  positive  electrode  (where  the  oxygen 
is  evolved).  Perchloric  acid  is  also  formed  by  the  action  of  an  electric  current  on  solu- 
tions of  chlorine  and  chlorine  monoxide.  Perchloric  acid  was  obtained  by  Count  Stadion 
and  after^vards  by  Serullas,  and  was  studied  by  Roscoe  and  others. 

**  Perchloric  acid,  which  is  obtained  in  a  free  state  by  the  action  of  sulphuric  acid  on 
its  salts,  may  be  separated  from  a  solution  very  easily  by  distillation,  because  it  is  volatile, 
although  it  is  partially  decomiwsed  by  distillation.  The  solution  obtained  after  distilla- 
tion may  lie  concentrated  by  evajniration  in  open  vessels.  In  the  distillation  the  solution 
reaches  a  temi)erature  of  200"',  and  then  a  very  constant  liquid  hydrate  of  the  composi- 
tion HC10,.2H.,0  is  obtained  in  the  distillate.  If  this  hydrate  be  mixed  with  sulphuric 
acid,  it  begins  to  decomiMise  at  100^,  but,  nevertheless,  a  portion  of  the  acid  passes  over 
into  the  receiver  without  decomposing,  forming  a  crystalline  hydrate  HC10,,H,,0  which 
melts  at  50^.     On  carefully  heating  this  hydrate  it  breaks  up  into  perchloric  acid,  which 
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which  fumes  in  the  air  and  has  a  sp.  gr.  1*78  at  15°  (sometimes,  after 
being  kept  for  some  time,  it  decomposes  with  a  violent  explosion).  It 
explodes  violently  when  brought  into  contact  with  charcoal,  paper, 
wood,  and  other  organic  substances.  If  a  small  quantity  of  water  be 
added  to  this  hydrate,  and  if  it  be  subjected  to  cold,  then  a  crystallo- 
hydrate,  C1H04,H20,  separates  out.  It  is  much  more  stable,  but  the 
liquid  hydrate  HC104,2H20  is  still  more  so.  The  acid  dissolves  in 
water  in  all  proportions,  and  its  solutions  are  distinguished  for  their 
stability.'*^  When  ignited  both  the  acid  and  its  salts  are  decomposed, 
with  the  evolution  of  oxygen.^^ 

distilB  over  below  100°,  and  into  the  liquid  hydrate  HC104,2H20.  The  acid  HCIO4  may 
also  be  obtained  by  adding  one-fourth  part  of  strong  sulphuric  acid  to  potassiam  chlorate, 
and  carefully  distilling  and  subjecting  the  crystals  of  the  hydrate  HC104,H20  obtained 
in  the  distillate  to  a  fresh  distillation.  A  liquid  of  the  composition  HCIO4  then  passes 
over.  Perchloric  acid,  HCIO4,  when  taken  separately,  does  not  distil,  ajid  is  decompofled 
in  distillation  until  the  more  stable  hydrate  HC104,H20  is  formed ;  this  is  decomposed  in 
^distillation  into  HCIO4  and  HC104,2H20,  which  latter  hydrate  distils  without  alteration. 
This  forms  an  excellent  example  of  the  influence  of  water  on  stability,  and  of  the  pro- 
perty of  chlorine  to  give  compounds  of  the  t3rpe  CIX7,  of  which  all  the  above  hydrates, 
€105(0H),  C102(OH)3,  and  C10(0H)5,  are  members.  Probably  further  research  will  lead 
to  the  discovery  of  a  hydrate  C1(0H}7. 

*•  According  to  Roscoe  the  sp.  gr.  of  perchloric  acid  =1*782  and  of  the  hydrate 
HC104,H20  in  a  liquid  state  (50°)  1*811 ;  hence  a  considerable  contraction  takes,  place  in 
iihe  combination  of  HCIO4  with  HoO. 

*^  The  decomposition  of  salts  analogous  to  potassium  chlorate  has  been  more  fully 
studied  in  recent  years  by  Potilitzin  and  P.  Frankland.  Professor  Potilitzin,  by  decom- 
posing, for  example,  lithium  chlorate  LiClO-,  found  (from  the  quantity  of  lithium  chloride 
and  oxygen)  that  at  first  the  decomposition  of  the  fused  salt  (368'^)  is  accomplished 
according  to  the  equation,  3LiC103  =  2LiCl  +  LiC104  +  50,  and  that  towards  the  end  the 
remaining  salt  is  decomposed  thus:  5LiClO:;  =  4LiCl  +  LiClO4  +  10O.  The  phenomena 
observed  by  Potilitzin  obliged  him  to  admit  that  lithium  perchlorate  is  capable  of  de- 
composing simultaneously  with  litliium  chlorate,  with  tlie  formation  of  the  latter  salt  and 
oxygen ;  and  this  was  confirmed  by  direct  ex{>eriment,  which  showed  that  lithium  chlorate 
is  always  formed  in  the  decomposition  of  the  perchlorate.  Potilitzin  turned  particular 
attention  to  the  fact  that  the  decomposition  of  potassium  chlorate  and  of  salts  analogous 
to  it,  although  exothermal  (Chapter  III.  Note  12),  not  only  does  not  proceed  by  itself,  but 
requires  time  and  a  rise  of  temperature  in  order  to  attain  completion,  which  again  shows 
that  chemical  equilibria  are  not  expressed  by  tlie  heat  effects  of  reactions  only. 

P.  Frankland  and  J.  Dingwall  (1H87)  showed  that  at  448°  (in  the  vapour  of  sulphur) 
a  mixture  of  potassium  chlorate  and  pounded  glass  is  decomposed  almost  in  accordance 
with  the  equation  2KCIO3  =  KCIO4  +  KCl -i- O.^,  whilst  the  salt  by  itself  evolves  about  half 
as  much  oxygen,  in  accordance  with  the  equation,  8KCIO5  =  5KCIO4  +  8KC1 -f- 2O2.  The 
decomposition  of  potassium  perchlorate  in  admixture  with  manganese  peroxide  proceeds 
to  completion,  KC104  =  KCl  +  202.  But  in  decomposing  by  itself  the  salt  at  first  gives 
potassium  chlorate,  approximately  according  to  the  equation  7KC104  =  2KC105-i-6KCl 
•f  llOo.  Thus  there  is  now  no  doubt  that  when  potassium  chlorate  is  heated,  the  |xjr- 
chlorate  is  formed,  and  that  this  salt,  in  decomposing  also  with  the  evolution  of  oxygen, 
gives  the  former  salt. 

I  may  further  remark  that  the  decomposition  of  potassium  chlorate  as  a  reaction 
evolving  heat  from  this  very  reason  easily  lends  itself  to  the  contact  action  of  manganese 
iwroxide  and  other  similar  admixtures ;  for  such  very  feeble  influences  as  those  of  contact 
may  evince  themselves,  as  is  observed  either  in  those  cases  (for  instance,  detonating  gas, 
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On  comparing  chlorine  as  an  element  not  only  with  nitrogen  and 
carbon  but  with  all  the  other  non-metallic  elements  (chlorine  has  so 
little  analogy  with  the  metals  that  a  comparison  would  be  superfluous), 
we  find  in  it  the  following  fundamental  properties  of  the  halogetia  or 
salt-producers.  With  metals  chlorine  gives  salts  (such  as  sodium 
chloride,  <fec.) ;  with  hydrogen  a  very  energetic  and  monobasic  (con- 
taining one  H  in  its  molecule)  acid  HCl,  and  the  same  chlorine  is  able 
by  metalepsis  to  replace  the  hydrogen  ;  with  oxygen  it  forms  oxides  of 
An  acid  character.  These  properties  of  chlorine  are  possessed  by  three 
other  elements,  bromine,  iodine,  and  fluorine.  They  are  members  of 
one  natural  family.  Each  representative  has  its  peculiarities,  its  indi- 
vidual properties,  and  points  of  distinction  in  combination  and  in  the 
free  state — otherwise  they  would  not  be  independent  elements ;  but 
the  repetition  in  all  of  them  of  the  same  chief  signs  of  the  family 
onables  one  to  foretell  from  one  element  the  properties  of  another, 
and  thus  abbreviates  an  acquaintance  with  all  the  differences  of  their 
elementary  properties  and  a  systemisation  of  the  elements  themselves. 

In  order  to  have  a  guiding  thread  in  forming  comparisons  between 
the  elements,  attention  must  be  turned  to  those  of  their  properties  and 
signs  in  which  they  differ  most  from  each  other,  because  it  is  only 
under  this  condition  that  the  comparison  ceases  to  be  artificial.  And 
the  atomic  weights  of  the  elements  must  be  counted  as  their  most 
elementary  property ;  it  being  a  quantity  which  is  most  undoubtedly 
•established,  and  which  acts  in  all  the  manifestations  of  the  element. 
The  halogens  are  endowed  with  atomic  weights — 

F  =  19,     Cl  =  35-5,     Br==SO,    1  =  127. 

All  the  properties,  physical  and  chemical,  of  the  elements  and  their 
corresponding  compounds  must  evidently  be  in  a  certain  dependence 
on  this  fundamental  point,  if  the  grouping  in  one  family  be  natural. 
And  we  find  in  reality  that,  for  instance,  the  properties  of  bromine, 
whose  atomic  weight  is  almost  the  mean  between  those  of  iodine  and 
chlorine,  occupy  a  mean  position  between  those  of  these  two  elements. 
The  second  measurable  property  of  the  elements  is  their  equivalence  or 
their  capacity  for  forming  compounds  of  definite  forms.     Thus  carbon 

hydrogen  peroxide,  (&c.),  when  the  reaction  is  accompanied  by  the  evolution  of  lieat,  or 
when  (for  instance,  H^  +  L*,  i^c.)  little  heat  is  absorbed  or  evolved.  In  these  cases  it  is 
evident  tliat  the  existing  equilibrium  is  not  very  stable,  and  that  a  feeble  alteration  in  it 
proceeding  at  the  surfaces  of  contact  may  sufRce  to  cause  its  destruction.  In  order  to 
conceive  the  modus  operandi  of  contact  phenomena,  it  is  enough  to  imagine,  for  instance, 
that  at  the  borders  of  contact  the  movement  of  the  atoms  in  the  molecules  changes  from 
A  circular  to  an  elliptical  path.  Momentary  and  transitory  compounds  may  be  formed, 
but  their  formation  cannot  alter  the  explanation  of  the  phenomena. 

VOL.    I.  II 


480  PRINCIPLES   OF  CHEMISTRY 

which  fumes  in  the  air  and  has  a  sp.  gr.  1*78  at  15°  (sometimes,  after 
being  kept  for  some  time,  it  decomposes  with  a  violent  explosion).  It 
explodes  violently  when  brought  into  contact  with  charcoal,  paper, 
wood,  and  other  organic  substances.  If  a  small  quantity  of  water  be 
added  to  this  hydrate,  and  if  it  be  subjected  to  cold,  then  a  crystallo- 
hydrate,  C1H04,H20,  separates  out.  It  is  much  more  stable,  but  the 
liquid  hydrate  HC104,2H20  is  still  more  so.  The  acid  dissolves  in 
water  in  all  proportions,  and  its  solutions  are  distinguished  for  their 
stability.^^  When  ignited  both  the  acid  and  its  salts  are  decomposed, 
with  the  evolution  of  oxygen. ^^ 

distils  over  below  100°,  and  into  the  liquid  hydrate  HC104,2H20.  The  acid  HCIO4  may 
also  be  obtained  by  adding  one-fourth  part  of  strong  sulphuric  acid  to  potassium  chlorate, 
and  carefully  distilling  and  subjecting  the  crystals  of  the  hydrate  HC104,H20  obtained 
in  the  distillate  to  a  fresh  distillation.  A  liquid  of  the  composition  HCIO4  then  passes 
over.  Perchloric  acid,  HCIO4,  when  taken  separately,  does  not  distil,  and  is  decomposed 
in  distillation  until  the  more  stable  hydrate  HC104,H20  is  formed ;  this  is  decomposed  in 
^distillation  into  HCIO4  and  HC104,2H20,  which  latter  hydrate  distils  without  alteration. 
This  forms  an  excellent  example  of  the  influence  of  water  on  stability,  and  of  the  pro- 
perty of  chlorine  to  give  copipounds  of  the  t3rpe  CIX7,  of  which  all  the  above  hydrates, 
€103(0H),  C102(OH)3,  and  C10(0H)5,  are  members.  Probably  further  research  will  lead 
to  the  discovery  of  a  hydrate  C1(0H)7. 

*•  According  to  Roscoe  the  sp.  gr.  of  perchloric  acid  =1*782  and  of  the  hydrate 
HC104,H20  in  a  liquid  state  (50°)  I'Hll ;  hence  a  considerable  contraction  takes  place  in 
the  combination  of  HCIO4  with  H.2O. 

*^  The  decomposition  of  salts  analogous  to  potasnium  chlorate  has  been  more  fully 
studied  in  recent  years  by  Potilitzin  and  P.  Frankland.  Professor  Potilitzin,  by  decom- 
posing, for  example,  lithium  chlorate  LiClO-,  found  (from  the  quantity  of  lithium  chloride 
and  oxygen)  that  at  first  the  decomposition  of  the  fused  salt  (868^)  is  accomplished 
according  to  the  equation,  3LiC10-  =  2LiCl  + LiC104  +  50,  and  that  towards  the  end  the 
remaining  salt  is  decomposed  thus:  5LiC10:j  =  4LiCl-hLiC104+ lOO.  The  phenomena 
observed  by  Potilitzin  obliged  him  to  admit  that  lithium  perchlorate  is  capable  of  de- 
composing simultaneously  with  lithium  chlorate,  with  the  formation  of  the  latter  salt  and 
oxygen ;  and  this  was  confirmed  by  direct  experiment,  which  showed  that  lithium  chlorate 
is  always  formed  in  the  decomposition  of  the  perchlorate.  Potilitzin  turned  particular 
attention  to  the  fact  that  the  decomposition  of  potassium  chlorate  and  of  salts  analogous 
to  it,  although  exothermal  (Chapter  III.  Note  12),  not  only  does  not  proceed  by  itself,  but 
requires  time  and  a  rise  of  temjHjrature  in  order  to  attain  completion,  which  again  shows 
that  chemical  equilibria  are  not  expressed  by  the  heat  effects  of  reactions  only. 

P.  Frankland  and  J.  Dingwall  (1887)  showed  that  at  448°  (in  the  vapour  of  sulphur) 
a  mixture  of  potassium  chlorate  and  pounded  glass  is  decomposed  almost  in  accordance 
with  the  equation  2KC105  =  KCIO4  +  KCl  -f  O.^,  whilst  the  salt  by  itself  evolves  about  half 
as  much  oxygen,  in  accordance  witli  the  equation,  8KC105  =  r>KC104  +  8KCl-f-20.>.  The 
decomposition  of  potassium  perchlorate  in  admixture  with  manganese  peroxide  proceeds 
to  completion,  KC10|  =  KCl  +  202.  But  in  decomposing  by  itself  the  salt  at  first  gives 
potassium  chlorate,  approximately  according  to  the  equation  7KC104  =  2KC103-f-5KCl 
-f  llOo.  Thus  there  is  now  no  doubt  that  when  potassium  chlorate  is  heated,  the  |>er- 
chlorate  is  formed,  tmd  that  this  salt,  in  decomposing  also  with  the  evolution  of  oxygen, 
gives  the  former  salt. 

I  may  further  remark  that  the  decomposition  of  potassium  chlorate  as  a  reaction 
evolving  heat  from  this  very  reason  easily  lends  itself  to  the  contact  action  of  manganefUf 
peroxide  and  other  similar  tulmixtures ;  for  such  very  feeble  influences  as  those  of  contact 
may  evince  themselves,  as  is  observed  either  in  those  cases  (for  instance,  detonating  gas, 
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On  comparing  chlorine  as  an  element  not  only  with  nitrogen  and 
carbon  but  with  all  the  other  non-metallic  elements  (chlorine  has  so 
little  analogy  with  the  metals  that  a  comparison  would  be  superfluous), 
we  find  in  it  the  following  fundamental  properties  of  the  hafogetia  or 
salt-producers.  With  metals  chlorine  gives  salts  (such  as  sodium 
chloride,  <fec.) ;  with  hydrogen  a  very  energetic  and  monobasic  (con- 
taining one  H  in  its  molecule)  acid  HCl,  and  the  same  chlorine  is  able 
by  metalepsis  to  replace  the  hydrogen  ;  with  oxygen  it  forms  oxides  of 
An  acid  character.  These  properties  of  chlorine  are  possessed  by  three 
other  elements,  bromine,  iodine,  and  fluorine.  They  are  members  of 
one  natural  family.  Each  representative  has  its  peculiarities,  its  indi- 
vidual properties,  and  points  of  distinction  in  combination  and  in  the 
free  state — otherwise  they  would  not  be  independent  elements ;  but 
the  repetition  in  all  of  them  of  the  same  chief  signs  of  the  family 
onables  one  to  foretell  from  one  element  the  properties  of  another, 
and  thus  abbreviates  an  acquaintance  with  all  the  diflerences  of  their 
elementary  properties  and  a  systemisation  of  the  elements  themselves. 

In  order  to  have  a  guiding  thread  in  forming  comparisons  between 
the  elements,  attention  must  be  turned  to  those  of  their  properties  and 
signs  in  which  they  difler  most  from  each  other,  because  it  is  only 
under  this  condition  that  the  comparison  ceases  to  be  artificial.  And 
the  atomic  weights  of  the  elements  must  be  counted  as  their  most 
elementary  property  ;  it  being  a  quantity  which  is  most  undoubtedly 
•established,  and  which  acts  in  all  the  manifestations  of  the  element. 
The  halogens  are  endowed  with  atomic  weights — 

F=19,     Cl  =  35-5,     Br  =  SO,    1  =  127. 

All  the  properties,  physical  and  chemical,  of  the  elements  and  their 
corresponding  compounds  must  evidently  be  in  a  certain  dependence 
on  this  fundamental  point,  if  the  grouping  in  one  family  be  natural. 
And  we  find  in  reality  that,  for  instance,  the  properties  of  bromine, 
whose  atomic  weight  is  almost  the  mean  between  those  of  iodine  and 
chlorine,  occupy  a  mean  position  between  those  of  these  two  elements. 
The  second  measurable  property  of  the  elements  is  their  equivalence  or 
their  capacity  for  forming  compounds  of  definite  forms.     Thus  carbon 

hydrogen  peroxide,  <tc.),  when  the  reaction  is  accompanied  by  the  evolution  of  heat,  or 
when  (for  instance,  H^  +  lo,  &c.)  little  heat  is  absorbed  or  evolved.  In  these  cases  it  is 
evident  that  the  existing  equilibrium  is  not  very  stable,  and  that  a  feeble  alteration  in  it 
proceeding  at  the  surfaces  of  contact  may  sufRce  to  cause  its  destruction.  In  order  to 
conceive  the  modus  operandi  of  contact  phenomena,  it  is  enough  to  imagine,  for  instance, 
that  at  the  borders  of  contact  the  movement  of  the  atoms  in  the  molecules  changes  from 
A  circular  to  an  elliptical  path.  Momentary  and  transitory  compounds  may  be  formed, 
but  their  formation  cannot  alter  the  explanation  of  the  phenomena. 
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or  nitrogen  in  this  respect  diflfers  widely  from  the  halogens.  Although 
the  form  ClOj  corresponds  with  NO.2  and  COg,  yet  the  latter  is  the 
highest  oxide  of  carbon,  whilst  that  of  nitrogen  is  N.2O5,  and  for  chlorine^ 
if  there  was  an  anhydride  of  perchloric  acid,  its  composition  would  be 
CI2O7,  which  is  quite  different  from  that  of  carbon.  In  respect  to 
the  forms  of  their  compounds  the  halogens,  like  all  elements  of  one 
family  or  group,  are  perfectly  analogous  to  each  other,  as  is  seen  from 
their  hydrogen  compounds  : 

HF,  HCl,  HBr,  HI. 

It  is  the  same  with  their  oxygen  compounds.  Only  fluorine  does 
not  give  any  oxygen  compounds.  The  iodine  and  bromine  compounds 
corresponding  with  HCIO3  and  HCIO4  are  HBrOg  and  HBr04,  HIO3 
and  HIO4.  On  comparing  the  properties  of  these  acids  we  can  even 
foresee  the  fact  that  fluorine  will  not  form  any  oxygen  compound.  In 
fact,  iodine  is  easily  oxidised — for  instance,  by  nitric  acid — whilst 
chlorine  is  not  directly  oxidised.  The  oxygen  acids  of  iodine  are  com- 
paratively more  stable  than  the  acids  of  chlorine  ;  and,  generally 
speaking,  the  affinity  of  iodine  for  oxygen  is  much  greater  than  that  of 
chlorine.  Here  also  bromine  occupies  an  intermediate  position.  In 
fluorine  we  may  expect  a  still  smaller  affinity  for  oxygen  than  in 
chlorine — and  up  to  now  it  has  not  been  combined  with  oxygen.  If 
any  oxygen  compound  of  fluorine  be  obtained,  it  will  be  exceedingly 
unstable.  The  relation  of  these  elements  to  hydrogen  is  the  reverse 
of  the  above.  Fluorine  has  so  great  an  affinity  for  hydrogen  that  it 
decomposes  water  at  the  ordinary  temperature  ;  whilst  iodine  has  so 
little  affinity  for  hydrogen  that  hydriodic  acid,  HI,  is  forme<l  with  diffi- 
culty, is  easily  decomposed,  and  acts  as  a  reducing  agent  in  a  nund>er 
of  cases. 

From  the  foi*m  of  their  compounds  the  halogens  are  univalent 
elements  with  respect  to  hydrogen  and  aeptivalent  with  respect  to 
oxygen,  if  N  be  trivalent  to  hydrogen  (it  gives  NH3)  and  quinquivalent 
to  oxygen  (it  gives  N.^O.^),  and  if  C  be  quadrivalent  to  both  H  and  O  as 
it  foanns  CH^  and  CO.^. 

As  not  only  their  oxygen  compounds,  ])ut  also  their  hydrogen  com- 
pounds, have  acid  properties,  the  halogens  are  elementt^  of  an  exclusively 
acid  character.  Such  metals  as  so<liuni,  potassium,  barium  only  give 
basic  oxides.  In  the  case  of  nitrogen,  although  it  forms  acid  oxides, 
still  in  ammonia  we  find  that  capacity  t^)  give  an  alkali  with  hy<lrogen 
which  indicates  a  less  distinctly  acid  character  than  in  the  halogens. 
In  no  other  elements  are  the  acid  diameters  so  strongly  developed  as 
in  the  halogens. 
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In  describing  certain  peculiarities  characterising  the  halogens^  we 
shall  at  every  step  encounter  a  ctnitirniation  of  the  alx)ve- mentioned 
general  illations. 

As  Jluorine  decotnpnaes  water  witb  the  evolution  of  oxygen  (which 
fomis  trzone  if  the  temjierature  be  not  high),  F.j  +  H^O  =  *2HF-|-0, 
thei>?forp  for  a  long  time  all  efforts  tt>  obtain  it  in  free  istate  by  means 
of  inethf dissimilar  to  those  for  the  preparation  of  chlorine prf>ved  fruit- 
less* Tims  by  the  action  of  hydrofluoric  acid  on  manganese  peroxide,  or 
by  decomposing  a  solution  off  hydrofluoric  acid  by  an  electric  curi^pnt, 
either  oxygen  or  ft  mixture  of  oxygen  and  fluorine  were  obtained  instead 
of  fluorine.  Probably  a  certain  quantity  of  fluorine  ^*  was  set  free  by 
the  action  of  oxygen  or  an  electric  current  on  inc^uidescent  and  fused 
calcium  fluoride,  but  it  tlien,  at  the  high  temperature^  actexl  even  on 
platinum,  and  was  thei*efore  absorbed,  leaving  only  oxygen.  When 
chlorine  acted  on  silver  fluoride,  AgF,  in  a  vessel  of  natural  fluor  spar, 
CaF.,,  fluorine  was  als(»  liberated  ;  but  it  was  mixed  with  chhirine,  and 
it  was  impossible  to  study  the  properties  of  the  resultant  gas.  Brauner 
also  obtained  tiuorine  by  igniting  cerium  fluoride,  2CeF^  =  iCeF^H-F,^  ; 
but  tins,  hke  all  preceding  efforts,  only  showed  fluorine  to  he  a  gas 
wliicb  decomfM^ses  water,  and  is  capable  of  acting  in  a  nuraljer  of 
instances  like  chlorine,  but  gave  no  possibility  of  testing  its  properties. 
It  was  evident  that  it  wus  necessary  to  avoid  as  far  as  possible  the 
presence  of  water  and  a  rise  of  temperature  ;  this  Moissan  succeeded 
in  doing  in  1886.  He  decompose<i  anhydrous  hydr»*fluoric  acid,  liquetied 
at  a  temperature  of  —23**  and  contained  in  a  U-shaped  tube  (to  which 
a  small  quantity  of  potJissiuni  fluoride  ha<l  been  added  to  make  it  a 
better  conductor),  by  the  action  of  a  powerful  electric  current  (twenty 
Bunsen*s  elements  in  series).  Hydrogen  w<is  then  evolved  at  the 
negative  pole,  and  fluorine  appeared  at  the  positive  pole  (of  indium 
platinum)  as  a  colourless  gas  wliich  dectnjifjosed  water  with  the  fonna- 
tion  of  ozone  and  hydrofluoric  acid,  and  combined  directly  with  silicon 
(forming  silicon  fluoride,  BiF^),  boron  (forming  BF3),  sulphur,  tkc.     But 


^  It  iti  muHt  likely  that  iii  thiii  expennicnt  of  Fremy'a,  which  corree^jxindB  with  Cite 
ocrtioQ  of  oxygeu  on  calcium  chloride,  Mnoriiie  wah  »et  frec%  hat  tltat  a  cx>nvtirse  reaction 
ftlBO  p(tooeeded,  CaO  +  F/»=CAF.j  +  0— that  is,  tile  calcium  diHtributed  ittielf  bt^tween  i\w 
ozj^en  and  fluorine,  MnF,,  which  is  capable  of  Hphttin^  up  into  MnF^  und  F^,  is  without 
doubt  formed  by  the  aciioD  of  a  strong  Bolution  of  hydrt^tluoric  iLcid  on  oiauKanese  per- 
i:!>xide,  but  under  the  iietion  of  water  Uie  fluorine  ^vt*«  hydrofluaric  acid^  and  probably 
this  is  aid^  by  the  aflliiity  of  the  miuigiuie«e  fluoride  luid  bydrofluorio  acid.  In  all  the 
efforts  {Das'y,  Knctx^  Loug;et,  Fremy,  Gore,  and  others)  made  to  deconipose  fluorides 
(tlif>»«  of  lojwi,  Bilver,  ealoium,  nnd  others)  by  chloriii*?,  there  were  doubtless  alno  caaes 
fif  distribution,  a  portion  of  tht*  metal  eombiii<sl  with  chlorine  and  a  portion  of  the  fluorine 
wa»  evolved  \  but  it  ia  improbable  ihiit  theru  were  pure  re«uU^.  Probably  Frcmy  obtained 
fluorine,  but  it  was  not  pure. 

I  I  2 
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the  action  of  fluorine  on  metals  at  the  ordinary  temperature  is  com- 
paratively feeble,  because  the  metallic  fluoride  formed  coats  the 
remaining  mass  of  the  metals ;  it  is,  however,  completely  absorbed  by 
iron.  Hydrocarbons  (for  instance,  naphtha),  alcohol,  <fec.,  immediately 
absorb  fluorine,  with  the  formation  of  hydrofluoric  acid.  Fluorine  when 
mixed  with  hydrogen  easily  explodes  violently,  forming  hydrofluoric 
acid.** 

Among  the  compounds  of  fluorine  calcium  fluoride,  CaFj,  is  rather 
widely  spread  in  nature  as  fluor  spar,*^^  whilst  cryolite^  or  aluminium 
sodium  fluoride,  NagAlFg,  is  found  more  rarely  (in  large  masses  in 
Greenland).  Cryolite,  like  fluor  spar,  is  also  insoluble  in  water,  and 
,  gives  hydrofluoric  acid  with  sulphuric  acid.  Small  quantities  of  fluorine 
have  also  in  a  number  of  cases  been  found  in  the  bodies  of  animals,  in 
the  blood,  urine,  and  bones.  If  fluorides  occur  in  the  bodies  of  animals, 
they  must  have  been  introduced  by  food,  and  must  occur  in  plants  and 
water.  And  in  reality  river,  and  especially  sea,  water  always  contains 
a  certain,  although  small,  quantity  of  fluorine  compounds. 

^0  According  to  Moissan,  fluorine  is  disengaged  by  the  action  of  an  electric  current 
on  fused  hydrogen  potassium  fluoride,  KHFq.  The  present  state  of  chemical  knowledge 
is  such  that  the  notion  of  an  element  with  its  properties  is  much  more  general  than  the 
notion  of  that  element  in  the  free  state.  It  is  profitable  and  agreeable  to  learn  that  even 
fluorine  in  the  free  state  has  not  succeeded  in  eluding  experiment  and  research,  that  the 
efforts  to  isolate  it  have  been  crowned  with  success,  but  the  sum  total  of  the  general 
chemical  data  concerning  fluorine  as  an  element  gain  but  little  by  this  result.  The  gain 
will  be  augmented,  however,  if  it  be  now  poKsible  to  subject  fluorine  to  a  comparative 
study  in  relation  to  oxygen  and  chlorine.  There  is  particular  interest  in  the  phenomena 
of  the  distribution  of  fluorine  and  oxygen,  or  fluorine  and  chlorine,  competing  under  dif- 
ferent conditions  and  relations. 

*^  It  is  called  spar  because  it  verj-  frequently  occurs  as  crystals  of  a  clearly  laminar 
structure,  and  is  therefore  easily  split  up  into  pieces  bounded  by  planes.  It  is  called  fluor 
spar  because  when  used  as  a  flux  it  renders  ores  fuKible,  owing  to  its  reacting  with  silica, 
Si02  +  2CaF2  =  2CaO  +  SiF4  ;  the  silicon  fluoride  escapes  as  a  gas  and  the  lime  combines 
with  a  further  quantity  of  silica,  and  gives  a  vitreous  slag.  Fluor  spar  occurs  in  mineral 
veins  and  rocks,  sometimes  in  considerable  quantities.  It  always  crj'stallises  in  the  cubic 
system,  sometimes  in  very  large  semitransparent  cubic  crystals,  which  are  colourless  or 
of  different  colours.  It  is  insoluble  in  water.  It  melts  under  the  action  of  heat,  and 
crysttdlises  on  cooling.  The  sp,  gr.  is  81.  Wlien  steam  is  passed  over  incandescent 
fluor  spar,  lime  and  hydrofluoric  acid  are  formed:  CaF2  +  H20  =  CaO  +  2HF.  A  double 
decomposition  is  alFo  easily  produced  by  fusing  fluor  spar  with  sodium  or  potassium 
hydroxides,  or  potash,  or  even  with  their  carbonates ;  the  fluorine  then  passes  over  to  the 
potassium  or  sodium,  and  the  oxygen  to  the  calcium.  In  solutions — for  example, 
Ca(N03)2  +  2KF  =  CaF2  (precipitate)  -f2KN03  (in  solution)— the  fonnation  of  calcium 
fluoride  takes  place,  owing  to  its  very  sparing  solubility.  2G000  parts  of  water  dissolve 
one  part  of  fluor  spar.  Fluorine  in  the  form  of  calcium  fluoride  also  enters  into  the 
composition  of  certain  minerals :  but  in  general  the  amount  of  fluorine  in  minerals  is 
inconsiderable.  Apatite  is  a  mineral  whose  chief  mass  consists  of  calcium  phosphate. 
Apatites  sometimes  contain  no  fluorine  whatever,  but  only  chlorine;  whilst  in  otlier 
instances  a  certain  amount  of  fluorine  enters  into  their  composition,  in  which  cas^  the 
atomic  proportion  of  chlorine  is  proportionately  diminished. 


THE  HALOGENS  485 

Hydrofluoric  acid,  HF,  cannot  be  obtained  from  fluor  spar  in  glass 
retorts,  because  glass  is  acted  on  by  and  destroys  the  hydrofluoric  acid. 
It  is  prepared  in  lead  vessels,  and  when  it  is  required  pure,  in  platinum 
vessels,  because  lead  in  reality  also  acts  on  hydrofluoric  acid,  only  very 
feebly  at  the  surface,  and  when  once  a  coating  of  fluoride  and  sulphate 
of  lead  is  formed  there  is  no  further  action.  Powdered  fluor  spar 
and  sulphuric  acid  evolve  hydrofluoric  acid  (which  furaes  in  the  air) 
even  at  the  ordinary  temperature,  CaFg  +  H2SO4  =  CaS04  +  2HF.  At 
130°  fluor  spar  is  completely  decomposed  by  sulphuric  acid.  The  acid  is 
then  evolved  as  vapour,  which  may  be  condensed  by  a  freezing  mixture 
into  an  anhydrous  acid.  The  condensation  is  aided  by  pouring  water 
into  the  receiver  of  the  condenser,  as  the  acid  is  easily  soluble  in  cold 
water. 

In  the  Uquid  anhydrous  form  hydrofluoric  acid  l>oils  at  +19°,  and 
its  sp.  gr.  at  12*8°  =  0'9849.''*  It  dissolves  in  water  with  the  evolution 
of  a  considerable  amount  of  heat,  and  gives  a  solution  of  constant 
boiling  point  which  distils  over  at  120°  ;  hence  the  acid  is  able  to 
combine  with  water.  Tlie  specific  gravity  of  the  compound  is  1*15,  and 
its  composition  HF,2H20.'^^  With  an  excess  of  water  a  dilute  solu- 
tion first  distils  over.  The  aqueous  solution  and  the  acid  itself  must 
be  kept  in  platinum  vessels,  but  the  dilute  acid  may  be  conveniently 
preserved  in  vessels  made  of  various  organic  materials,  such  as  gutta- 
percha, or  even  in  glass  vessels  having  an  interior  coating  of  paraffin. 
Hydrofluoric  acid  does  not  act  on  hydrocarbons  and  many  other  sub- 
stances, but  it  acts  in  a  highly  corrosive  manner  on  metals,  glass,  porce- 
lain, and  the  majority  of  rock  substances.  "^^     It  also  corrodes  the  skin, 

**  According  to  Gore,  hydrofluoric  acid  remaina  liquid  when  cooled  to  —84°.  Fremy 
obtained  anhydrous  hydrofluoric  acid  by  decompouing  lead  fluoride  at  a  red  heat,  by 
hydrogen,  or  by  heating  the  double  salt  HKF.^,  which  easily  crystallises  (in  cubes)  from 
a  solution  of  hydrofluoric  acid,  half  of  which  has  been  saturated  with  potassium  hydroxide, 
or  carbonate. 

**  This  composition  corresponds  with  the  crystallo-hydrate  HC1,2H50.  All  the 
properties  of  hydrofluoric  acid  call  to  mind  those  of  hydrochloric  acid,  and  therefore  the 
comparative  ease  with  which  hydrofluoric  acid  is  liquefied  (it  boils  at  + 19°,  hydrochloric 
acid  at  —85°),  must  be  explained  by  a  polymerisation  taking  place  at  low  temperatures, 
as  will  be  afterwards  explained,  H2F.2,  being  formed,  and  therefore  in  a  liquid  state  it 
differs  from  hydrochloric  acid,  for  which  a  phenomenon  of  a  similar  kind  has  not  yet  been 
observed. 

^3  The  corro8i%-e  action  of  hydrofluoric  acid  on  glass  and  similar  siliceous  compounds 
is  based  upon  the  fact  that  it  acts  on  silica,  SiO^,  as  we  shall  consider  more  fully  in 
describing  that  compound,  forming  gaseous  silicon  fluoride,  Si0.2^4HF  =  SiF4  +  2H.20. 
Silica,  on  the  other  hand,  forms  the  binding  (acid)  element  of  glass  and  of  the  mass  of 
mineral  substances  forming  the  salts  of  silica.  When  it  is  removed  the  bond  is 
destroyed.  This  is  made  use  of  in  practice,  and  the  laboriitory,  for  etching  designs  and 
scales,  &c.,  on  glass.  In  engraving  on  glats  the  surface  is  covered  with  a  varnish  com- 
posed of  four  parts  of  wax  and  one  part  of  turpentine.    This  varnish  is  not  acted  on  by 
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and  IB  distinguiisheci  by  its  poisoneus  properties,  so  that  in  working  witii 
the  acid  a  Klrung  tiraut^ht  must  be  kept  up,  tu  prevent  the  possibility  of 
the  funies  >ieing  iiihalecL  Tlie  non-nietak  do  not  act  on  hydrofluoric 
acid,  but  all  metals — with  the  exception  of  mercury,  silver,  j^oid^  and 
platinum,  and,  to  a  certain  degree,  lead — deconip<tse  it  with  the  evolutioii 
of  gaseous  hydrogen.  With  Ijasei?  it  directly  gives  metallic  flaorid^ 
and  Ijehaves  in  many  respects  like  hydrochloric  acid.  There  are,  ha 
ever,  several  diHtinct  individual  differences,  which  are  fui-thermort 
much  greater  than  thosc!  l>etween  hydixjchloric,  bydrobroniic, 
hydriodic  acids.  Thus  the  silver  compounds  of  the  latter  are 
soluble  in  water,  whilst  silver  fluoride  i&  moderately  soluble.  Calciq 
fluoride,  on  the  contrary,  isi  iiistjluble  in  water,  whilst  calcium  ehlorid 
bromide,  and  iodide  ai-e  not  only  soluble,  but  attract  water  with  grcat 
energy,  owing  to  which  gases  are  frequently  dried  by  passing  tliq 
over  calcium  chloride.  Neither  hydrochloric,  nor  hydrobromic, 
hydriodic  acid  acts  on  sand  and  glass,  whilst  hydrofluoric  acid  eorr 
them,  forming  gaseous  silicon  fluoride.  The  other  halogen  acids  ou 
form  normal  salta,  KCl,  NaCl,  with  Na  or  K,  whilst  hydrofluoric 
gives  acid  salts,  for  instance  HKF.j  {nnd  by  dissolving  KF  in  liquiil 
HF,  KHh\/2HF  is  obtaine*!).  This  latter  propeity  is  in  close  connc 
tion  with  the  fact  that  at  the  ordinary  temperature  the  vapour  densil 
of  hydrofluoric  acid  is  nearly  "10,  which  corresponds  with  a  formil 
H.jFy,  as  Mallet  (1881)  showed  ;  but  a  tlepolymensation  occurs 
rise  of  temperature,  and  the  density  approaches  10,  which  answers 
the  fonnulii  HF.'** 

The  analogy  between  chlorine  and  the  other  two  halogens,  bron 


hydrufiuoric  jiiid,  iind  it  is  soft  enough  to  allow  de^ij^iH  l>eing  drawn  upon  it  whotte  ] 
]mj  btftra  thf^  gltu4M.  'Die  drawiitfi;  is  niiitle  with  a  Hteel  point,  and  the  gUi^a  is  tifterw* 
laid  in  v^  leiul  trough  in  vvhieli  n.  mixture  of  Huor  wpar  and  Kfilphuric  rcUX  iit  p]a 
The  ftulphurie  mrid  niiJMt  he  taken  in  eannUl*ivahl*t  <?xceHM,  aft  otherwiHn  tran<qMtrf*nt  lu 
are  obtaineil  (-iwint.^  to  the  fornnitiofi  of  hydrofluoKiliiic  rtcid/k  Ailer  b«ing^ 
for  Home  time,  the  a  ami«h  is  r**niovt?d  tniultt'd),  und  the  denign  dmwm  by 
poinb  IK  found  reprodueeci  iti  dull  lilies.  The  drawing  nmy  he  ilIho  made  by 
application  of  a  mixture  i»f  a  Hilicofluoride  and  »iilphuric  txcid,  which  forms  liydroflua 
acid*  111  the  lulKimt<iry  tx  k<olution  of  hjdroHuoric  acid  or  its  fumeH  in  euiphtikivt  I 
deoomposiing  ^iliceotm  HubstiUiceH  which  ura  itiHoluble  iu  lyrdiiniry  acid^  or  olae  Utey  i 
faied  with  th**  isalU  KHF^  or  NH(E\ 

^  Malhvt  (iMttl)   dtit«nniinid   the  density   at  S0°  And  lOO^,  previou»  to  which   G^ 
(184JU)  hiwl  detiirmined    the  vaj^our  deimity  at   lfK)\  whiUt  Thorpe  and  Hainbly   {in 
nmde  fourteen  detern]inatir>uH  between  'ill"  atid  88-,  and  Khowvd  that  within  lliis  limit  j 
temperature   the  deiinity   gradually  dimituiihets,  juNt  bke   Uie   vapuur   of    aevtic 
The  capHrcity  of  HF  to  iHaljiueriHe  into  H-jF-^   !«  probably  con  net' t*'d  with  the   |>rt)p 
of  many  fluorides  of  forming  atidn   with  HF — for  exajnjde,  KHF^  and   M^jSiF^, 
tMkw  above  that  HCl  ha«  the  Katiie  pro|x^rly  (funning,  for  inHtance,  HjPtCtjrj,  Ac*,  p»  43 
and  hpucii  thin  property  of  hytlr«iflnt)rie  itcid  doeti  not  stand  isolated  from  the  pr 
of  the  other  h^i^logenii. 
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And  iodine,  is  mucli  more  perfect.  Not  only  have  tlieir  hydrates  or 
liaKi<5'en  acids  mucIi  in  commoQ,  btit  they  theinseives  resemble  chltirine 
in  many  respects,''*  and  even  the  properties  of  the  correspond  ling 
metallic  cumpounds  of  bromine  and  iodine  are  very  much  alike,  Tlius 
the  chloridey,  bi'omideis,  and  iixHdes  of  sixiiuiu  und  potassium  crystallise 
in  the  cubic  system,  and  are  soluble  in  watei- ;  the  chloriilesof  calcium, 
iiluminium,  magnesium,  and  barium  are  soluhle  in  water,  like  the 
bromides  and  iodides  of  these  metals.  The  iodides  and  bromides  of 
silver  and  lead  are  spacinifly  soluble  in  water,  like  the  chloritle,s  of 
these  metal B.  Besides  which  even  the  oxygen  compounds  of  bromine 
and  i<  Kline  present  a  very  strong  analogy  Ut  the  corresjx)nding  compounds 
of  chlorine.  A  hypobrtmious  acid  is  known  corresponding  with  hypo- 
chlorous  acid.     The  salts  of  this  acid  have  the  same  bleaching  property 

^  For  iiistiuicep  the  ejiperimeut  with  Datch  metal  foil  (Note  Itt)  may  W  uiftde  with 
bromine  jiuii  u»  well  &s  with  chlorine.  A  very  inHtructtve  experiment  on  the  direct  com- 
bination of  the  hologonti  with  ineiAld  may  be  nuide  by  Uirowing  a  nmidl  fiiece  f ft  fthnving;  of 
Hluminiiim  into  a  veHMil  eoutiiining  liquid  bromine;  thi>  itluminium,  being  lighter,  floats 
on  the  bromine,  And  After  a  certnin  time  retu'tion  fM.*ts  in  Aceuni|Mmied  by  the  evolutioa 
of  heAt,  light,  lind  fumed  of  bromine.  Tht*  ineAfulo^ent  piece  of  metal  moves  rapidly 
over  the  surface  of  the  bromine  io  which  the  resultant  aluminium  bromide  ih  dissolved. 
It  was  in  tbiw  manner  ihut  GuKtivvHon  preiJar^'d  that  mixture  of  bromine  and  aluminium 
bmutide  which  reiu-tu  by  metiUep»vi»  with  the  greateHt  ea^e  iu  thoMS  CAmsn  when  bromine 
by  it»eLf  in  not  i^blu  to  bring  iibouti  metalepntn,  or  eliite  only  fkctH  very  slowly,  ah,  for 
instance,  with  benzene,  CcUq.  When  drops  of  this  hydroc«rboti  ar«f  tkilded  to  bromine 
contammg  uluminium  bromide,  they  inuuediately  give  a  mass  of  hydrobromic  acid  and 
of  the  product  of  metulepsis.  Gubtavson  showed  that  the  cauMf  of  thii^  facility  of 
reKcbion  munt  be  looked  far  in  the  capacity  of  aluminiani  bromide  to  fonn  an  unntable 
compound  with  the  produclH  of  reaction  which  are  formed.  For  the  Hake  of  compariiwn 
we  will  proceed  to  cite  several  Lhemnx-heiiiicid.  data  (Thi>m»en)  for  aiialogou»  actions  of 
(1}  chlorine,  {li]  br<mniie,  and  (a)  iodine,  with  respect  to  metal**;  the  halogeu  being 
cipreiised  by  the  symbol  X,  and  the  »\^n  plai*  eoniiecttug  the  reacting  ^itbatances^  All 
the  figures  are  given  in  ihouHandH  of  caloriei}  and  refer  Uo  molecular  quantitiea  in 
^rams  and  to  tlie  ordiuar}'  temperature  : — 
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40 

Al  +X5 
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70 

We  may  remark  th»|  the  latent  heat  of  vaporisation  of  the  molecular  weight  Br^  is  about 
7*21,  and  of  iodine  G'O  thouaand  heat  unit«it  whilst  the  latent  heat  of  fusion  vf  Br^  is  about 
U'S,  and  of  t j  about  SO  thousand  heat  units.  From  this  it  i»  evident  that  tlie  difference 
between  the  amounts  of  heat  evolved  d<ieh  not  depend  on  the  dilTerence  iu  physical  state. 
For  instance,  tlie  vapour  of  iodine  in  combining  with  Zn  to  fonn  Znlj  woold  jfivo 
48 -f  8  i- 3,  or  about  »ixty  thousand  heat  unitfl,  or  1^  times  less  thaa  Zn4^Clt* 
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as  the  salts  of  hypochlorous  acid.  The  higher  oxygen  acids  of  iodine, 
bromine,  and  chlorine  are  closely  analogous  to  each  other.  Iodine  was 
discovered  in  1811  by  Courtois  in  kelp,  and  was  soon  investigated  by 
Clement,  Gay-Lussac,  and  Davy.  Bromine  was  discovered  in  1826  by 
Balard  in  the  mother  liquor  of  sea  water. 

Bromine  and  iodine,  like  chlorine,  occur  in  sea  water  in  combina- 
tion with  metals.  However,  the  amount  of  bromides,  and  especially 
of  iodides,  in  sea  water  is  so  small  that  their  presence  can  only  be 
discovered  by  means  of  sensitive  reactions.*^  In  the  extraction  of  salt 
from  sea  water  the  bromides  remain  in  the  mother  liquor,  and  can  be 
obtained  therefrom  ;  this  method  is,  however,  rarely  employed  on  a 
large  scale,  as  other  and  richer  sources  are  known  for  the  extraction  of 
this  substance.  Iodine  and  bromine  also  occur  combined  with  silver,  in 
admixture  with  silver  chloride,  as  a  rare  ore  which  is  mainly  found  in 
America.  Certain  mineral  waters  (those  of  Kreuznach  and  Schonebeck) 
contain  metallic  bromides  and  iodides,  always  in  admixture  with  an 
excess  of  sodium  chloride.  Those  upper  strata  of  the  Stassfurt  rock 
salt  (Chapter  X.)  which  are  a  source  of  potassium  salts  also  contain 
metallic  bromides,'^  which  collect  in  the  mother  liquors  left  after  the 
crystallisation  of  the  potassium  salts  ;  and  this  now  forms  the  chief 
source  (together  with  certain  American  spnngs)  of  the  bromine  iii 
common  use.  Bromine  may  be  easily  liberated  from  a  mixture  of 
bromides  and  chlorides,  owing  to  the  fact  that  chlorine  displaces 
bromine  from  its  compounds  with  sodium,  magnesium,  calcium,  &c.  A 
colourless  solution  of  bromides  and  chlorides  turns  an  orange  colour 
after  the  passage  of  chlorine,  owing  to  the  dLsengageuient  of  bromine.^* 
Bromine  may  be  extracted  on  a  large  scale  by  a  similar  method,  but  it 

*®  One  litre  of  sea  water  contains  about  20  pi-anis  of  chlorine,  and  about  0'07  gram:!' 
of  bromine.     The  Dead  Sea  contains  about  ten  times  as  nmch. 

*^  But  there  is  no  iodine  in  Stassfurt  carnallite. 

^  The  chlorine  must  not,  however,  be  in  large  excess,  as  otherwise  the  bromine 
would  contain  chlorine.  Conmiercial  bromine  not  unfrequently  contains  chlorine,  a;- 
bromine  chloride  ;  this  is  more  soluble  in  water  than  bromine,  which  may  thus  be  free^^ 
from  it.  To  obtain  pure  bromine  the  commercial  bromine  is  washed  with  water,  dried 
by  sulphuric  acid,  and  distilled,  the  portion  coming  over  at  58^  being  collected  ;  the 
greater  part  is  then  converted  into  potassium  bromide  and  dissolved,  and  the  re- 
mainder is  added  to  the  solution  in  order  to  separate  iodine,  which  is  removed  by 
shaking  with  carbon  bisulphide.  By  heating  the  potassium  bromide  thus  obtained  with 
manganese  peroxide  and  sulphuric  acid,  bromine  is  obtained  (juite  free  from  iodine, 
which,  however,  is  not  present  in  certain  kinds  of  commercial  bromine  (the  Stassfurt^ 
for  instance).  By  treatment  with  potasli,  the  bromine  is  then  converted  into  a  mixture 
of  ix)tassium  bromide  and  bromate,  and  the  mixture  (which  is  in  the  proi>ortion  given  in 
the  equation)  is  distilled  with  sulphuric  acid,  bromine  being  then  evolved  :  r)KBr  +  KBK)^ 
+  0H.2SO4  =  6KHSO,  +  8H.,O  +  3Br,j.  After  dissolving  the  bromine  in  a  strong  solution 
of  calcium  bromide  and  precipitating  with  an  ext'ess  of  water,  it  loses  all  the  chlorine  it 
contained,  because  chlorine  forms  calcium  chloride  with  CaBro. 
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is  simpler  to  add  a  small  quantity  of  manganese  peroxide  and  sulphuric 
acid  to  the  mother  liquid  direct.  This  sets  free  a  portion  of  the  chlorine, 
and  this  chlorine  liberates  the  bromine.  Bromine  is  a  dark  hroton- 
liquid,  giving  brown  fumes,  and  having  a  poisonous  suffocating  smell, 
from  whence  its  name  (from  the  Greek  fifmfiosy  signifying  evil  smelling). 
The  vapour  density  of  bromine  shows  that  its  molecule  is  Bfg.  In  tha 
cold  bromine  freezes  into  brown-grey  scales  like  iodine.  The  melting 
point  of  pure  bromine  is  —7'05°.''^^  The  density  of  liquid  bromine  at  0° 
is  3*187,  and  at  15°  about  3  0.  The  boiling  point  of  bromine  is  about 
58*7°  ;  it  is  generally  purified  by  distillation.  Bromine,  like  chlorine,  is. 
soluble  in  water ;  1  part  of  bromine  at  5°  requires  27  parts  of  water, 
and  at  15°  29  parts  of  water.  The  aqueous  solution  of  bromine  is  of 
an  orange  colour,  and  when  cooled'to  —2°  jrields  crystals  containing  10 
molecules  of  water  to  1  molecule  of  bromine.®^     Alcohol  dissolves  a 

^  There  has  long  existed  a  difference  of  opinion  as  to  the  melting  point  of  pare 
bromine.  By  some  (Regnaalt,  Pierre)  it  was  given  as  between  —  7°  and  —  8°,  and  by  others 
(Balard,  Liebig,  Qaincke,  Baamhauer)  as  between  —  20°  and  —  25°.  There  is  now  no  doabt, 
thanks  more  especially  to  the  researches  of  Ramsay  and  Yoang  (1885),  that  pure  bromine 
melts  at  about  —7^.  This  figure  is  not  onl}''  established  by  direct  experiment  (Van  der 
Plaats  confirmed  it)  but  also  by  means  of  the  determination  of  the  vapour  tensions.  For 
solid  bromine  the  vapour  tension  j>.  in  mm.  at  t  was  found  to  be — 

p=       20  25  80  85  40  45  mm. 

t=    -16-6^         -W  -12=*  -10°  -  8-5°         -  V 


For  liquid  bromine — 

p=         50              100 
t^  -  50^      +     8-2° 

200 
28-4° 

400 
40-4° 

600 
51-9° 

760  mm. 
68-7=' 

These  curves  intersect  at  —  7*05.  Besides  which,  in  comparing  the  vapour  tension  of 
many  hquids  (for  example,  those  given  in  Chapter  II.  Note  27),  Ramsay  and  Young 
observed  that  the  ratio  of  the  absolute  temperatures  {t  +  278)  corresponding  with  equal 
tension  varies  for  every  pair  of  substances  in  rectilinear  proportion  in  dependence  uponf^ 
and,  therefore,  for  the  above  pressure  j>,  Ramsay  and  Young  determined  the  ratio  of 
t  +  278  for  water  and  bromine,  and  found  that  the  straight  lines  expressing  these  ratioa 
for  liquid  and  solid  bromine  intersect  also  at  7*05'^ ;  thus,  for  example,  for  soUd  bromine — 


p= 

20 

25 

80 

85 

40 

45 

278  +  ^  = 

256-4 

259 

261 

263 

264-6 

266 

278  +  /'  = 

295-8 

299 

8021 

804-8 

807-2 

809-8 

c  = 

1152 

1154 

1157 

1-159 

1161 

1-163 

where  t'  indicates  the  temperature  of  water  corresponding  with  a  vapour  tension  p^  and 
where  c  is  the  ratio  of  278  -r  t'  to  278  + 1.  The  magnitude  of  c  is  evidently  expressed  with 
great  accuracy  by  the  straight  line  c  =  1-1708 +  0*0011/.  In  exactly  the  same  way  we  find 
the  ratio  for  liquid  bromine  and  water  to  be  Ci  =  1*1585 +  0*00057/.  The  intersection  of 
these  straight  lines  in  fact  corresponds  with  —  706^,  which  again  confirms  the  melting 
point  given  above  for  bromine.  In  this  manner  it  is  possible  with  the  existing  store  of 
data  to  accurately  establish  and  verify  the  melting  point  of  substances.  Ramsay  and 
Young  established  the  thermal  constants  of  iodine  by  exactly  the  same  method. 

^  The  observations  made  by  Patemo  and  Nasini  (by  Raoult's  method.  Chapter  I. 
Note  49)  on  the  temperature  of  the  formation  of  ice(  — 1*115^,  with  1*891  grams  of  bromine 
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greater  quantity  of  bromine,  and  ether  a  still  gi^eater  amotint,     Bui 
after  a  certain  time  products  of  the  action  of  the  bromine  on  th" 
organic  substances  are  formed  in  the  solutions.     Aqueous  solutions 
the  bromides  also  absui-b  a  large  amount  of  bromine. 

\\''ith  I'espect  tt>  iodine^  it  is  almost  exclusively  extracted  from  the 
mother  liquors  after  tlie  crystallisation  of  natural  sodium  nitrate  (Cli 
saltpetre)  aufl  the  ashes  of  the  se^-weed  cast  upon  thesliores  of  France 
Great  Hritfiin,  and  Spain,  sometimes  in  considerable  quantities,  by  thi 
lugh  tides.     The  majority  of  these  sea-weeds  are  of  the  genera  Fttcux^ 
Laminairia^  kc.     The  fused  ashes  of  these  seii- weeds  are  calletl  *  kelp 
in  Scotland  and   *  varec '  in    Normandy-      A   somewhat  considei'ablej 
quantity  of  iodine  is  contained  in  these  sea-wecils.     After  being  bum 
(or  subjected  to  dry  distillation)  an  ash  is  left  which  chieHy  contain! 
salts  of  potassium,  sodium,  and  calcium*     The  metals  occur  in  the  sea 
weed  as  salts  fif  orgJinic  acids.     Un  lieing  burnt  these  organic  salts  are 
decomposed,    forming  carbonates  of   potassium  an^l  sotliuni.     Hence, 
sodium  carbonate  is  found  in  the  ash  of  sea  plants.    The  ash  is  di8solved| 
in  hot  water,  and  i>n   evaporation  sodium  carbonate  and  other  salt*! 
separate,  but  a  portion  of  the  substances  remains  in  solution.     These 
mother  liquors  left  after  the  separation  of  the  sodium  carlx>nate  contaiui 
chlorine,  bromine,  ajid  iodine  in  c«»mbination  with  metals,  the  chlorine' 
and  iodine  being  in  excess  of  tlifi  bromine.     13000  kilos,  of  kelp  give 
about  1000  kilos,  of  sodium  carbonate  and  1.^  kilos,  of  ifxline. 

The  lil>eration  of  the  iridine  from  the  mother  liijuor  is  accomplisb 
with  comparative  ease,  because  chlorine  disengages  itxline  from  potas 
sium  iodide  and  its  other  combinations  with  the  metals.     Not  oul 
chlorine,  but  also  sulphuric  acid,  bljerates  iodine  from  sodium  iodide. 
Sulphuric  acid,  in  acting  on  an  iodide,  sets  hydriorlic  acid  free,  but  tli 
latter  easily  decomposes,  especially  in  the  presence  of  substances  capable] 
of  evolving  oxygen,  sucli  as  chromic  acid,  nitrous  acid,  and  even  ferri 
saltfi,^^     Owing  to  its  sparing  solubility  in  water,  the  iodine  Hberatedi 

in  100  ^TTtimsof  wnU^r)  in  an  iKjuifous  solution  of  bromine,  showed  that  btwmine  ii  oontaiiteilJ 
m  solutions  as  the  molernle'  Br.^.*  Siinilujr  experiments  coudueted  on  iodine  »how  Umll 
tlie  molecule  in  different  kciI vents  ih  of  different  cuniplexity. 

B.  RooxebcMnii  ifiveKtvgated  the  bydntte  of  bromine  ur  t:om|det<*ly  tt«  tlie  liydmto  off 
chlorine  (Notea  %  10),  The  t^yrnperatiir©  of  the  complete  det^ompusition  of  the  liyclribte  i*:" 
+  0*2^  \  the  density  of  Br.,,10H/J  -  VV^ 

•*  In  generud,  'iHI -h  O  —  I^ -^  H.>0^  if  the  oxygen  proceed  from  a  nubiit^mce  from  wliteh 
it  ig  eiLftily  evolved.  For  thia  r«uson  eoni|K»iiudH  correspondin]^  with  th^'  higher  »l4igf«  of 
oxidation  or  chlori nation  freij^ueutly  ^ive  a  lower  istnge  when  treate^l  with  hydriodic  Aotd. 
Ferric  oxidet  Fe.jDj,  in  ii  higher  oxide^  and  ferrous  oxide,  FeO^  a  lower  oxide;  tlit*  fonni*r^ 
<:orre»pumJH  with  FeX,-„  and  the  latter  witb  FeX.j,  and  this  pasHiige  from  the  higher  to  Ibtt  j 
lower  takes  pliice  under  the  iietion  of  hydriodic  acid.  Thuii  hydr^i^jen  peroxide  JUidJ 
ozone  (Clntpter  IV*)  eiro  ttVile  to  bberato  iocbue  from  liydriodie  acid*  Compoundi;  of  oo|i|)er| 
oxide,  CqO  or  CaX^^  givecomponiida  of  the  titiboxide  Ca20,  or  CnX,  Kven  Hiilphuiic  i 
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separates  as  a  precipitate.  To  obtain  pure  lodiiie  it  is  enough  to  distil 
it,  and  neglect  the  fii-^t  and  last  portions  of  the  distilhite,  the  middle 
portion  only  being  collected.  Iodine  passes  directly  from  a  state  of 
vapour  into  a  cryistalline  form,  and  settles  on  the  cool  portif>ns  of  the 
apparatus  in  tabular  crystals,  having  a  black  grey  colour  and  metallic 
lustre.''^ 

Tlie  specitic  gravity  of  the  crystals  of  iodine  is  4'95.  It  melts  at 
1 1 4^  and  boils  at  184^.  Its  vapour  is  formed  at  a  much  lower  tatopera- 
ture,  and  is  of  a  violet  colour,  from  whence  iodine  receives  its  name. 
The  smell  of  iodine  calls  to  mind  the  characteristic  smell  of  hypochlorous 
acid  ;  it  has  a  shaq)  sour  taste.  It  destroys  the  skin  and  organs  of  the 
body,  and  is  therefore  frequently  employed  for  cauterising  and  as  an 
irritant  for  the  skin.  In  small  quantiti*^8  it  turns  the  skin  brown,  but 
the  coloration  disappears  after  a  certain  time,  partly  owing  Ui  the 
volatiHty  of  the  iodine.  Water  dissolves  only  .,Vrt,»  P^^'t  o^  iodine.  A 
brown  solution  is  thus  obtained,  which  bleaches,  Vjut  much  more  fe^^bly 
than  bromine  and  chlorine.  Water  which  contains  salts,  and  especially 
iodides,  in  solution  dissolves  iodine  in  considerable  quantities,  and  the 
resultant  solution  is  of  a  dark  brown  colour.  Pure  alcohol  dissolves  a 
amall  arauunt  of  iodine,  and  in  so  doing  itcquires  a  brown  colour,  but 
the  solubility  of  iodine  is  considei'ably  increiised  by  the  presence  of  a 
small  quantity  of  an  iodine  compound — for  instance,  ethyl  iodide — in  the 
alcohol.^^^     Ether  dissolves  a  larger  amount  of  iodine  than  ale<^»Iioi  ;  liut 


whkb  cotreRiwiiicii)  to  thu  higher  stage  SO^^,  i»  able  to  ibct  tlins^  f(»rtning  the  lower  oxido 
SOj,  The  lilieraLion  of  iodine  from  hyclrio<lit;  «u:iii  proc«i«'dH  with  still  grf*ut«?r  ense  under 
the  «LCiioii  of  snbfitAnoefi  ca|ii4bli!i  of  disenj^H^ing  u:tygeu<  In  pnu;tie«,  many  methodit 
Are  enifiloyed  for  liberating  iodine  from  iirid  HquidH  contiiining,  for  exiunple,  t<u1|ihnric 
AcId  uidhydnoditriurid.  Thw  higher  oxide*  of  nitrpgen  are  moHt  comnvonly  u^ed  ;  th*»7 
then  p«flifl  into  uiirie  ojiide.  Iodine  may  even  be  diNeng&ged  from  hydriodic  ueid  by  the 
action  of  iiKlic  iicid^  Are.  But  there  is  ii  limit  in  these  reAetion«  of  the  o^idntion  of  hydri- 
odic acid  becAUne,  under  certain  conditions,  eApocially  in  dilute  f-olutiouR,  the  iodine  ttet 
free  is  itnelf  iible  to  act  am  tin  oxidiMng  agent — tluLt  iiiy  it  evinces  In  ititelf  the  tlmrHcter 
of  chJoririf't  ^^ud  of  the  liiilogenii  in  genend,  to  which  we  ^huU  again  have  occasion  to 
refer 

'*  For  the  ultimate  puriflcAtion  of  iodine,  8t««  diseolvet  it  in  a  strong  solntion  of 
potnssium  itxlidt*  and  firt'eipitat-ei*  it  by  the  o^lditiou  of  water  (a^c  Not*  5H). 

**  TJie  Boluhility  of  icxline  m  wolutiuiin  eoutaiuing  oxide»^  lUid  eompoands  of  iodine  in 
genenklf  luuy  KervL\  tm  thi.'  one  hand,  ua  uu  inditation  that  tiolution  is  called  fortli  by 
4Ul*logy  (p.  701,  and,  on  the  other  hand,  as  iiii  indirect  prcjxjf  of  that  view  as  to  solutionH 
which  was  cited  in  Chapter  L«  l^ecanse  in  niiuiy  instances  unstable  higlily- iodised  cotit- 
poimdii,  reM?mbling  crytit4dlo<hydnitet«,  have  l^een  oblamed  from  Auch  MjluiionR.  Tliiia 
icidide  of  tetramelhylammonitini  N(CH:v>  Ji  t^*>ni*>"»*«  wi*^  ^3*"i<i  ti-  Eveti  a  fioliition  of 
ioditie  in  a  witnmt**!  «43liition  of  potHHsium  iodide  presents  traces  of  the  formatioti  of  a 
definite  ectm[xntnd  KI.v  Thus,  an  alcoholic  solution  of  K I*  does  not  give  up  iwline  to 
«*arbon  birtulffhide,  aUhoagh  this  solvent  takes  up  irxline  from  an  tdcohoUc  wjlution  of 
iodine  it*elf  lOirault,  Jorgeuseti,  and  otlientj.  The  iiistahihty  of  the^e  compounds  r«)sem- 
ble«  the  instability  of  many  crystallo-hydrates,  for  tnstance  of  HCl.^^O. 
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iodine  is  particularly  soluble  in  liquid  hydrocarbons,  in  carbon  bisulphide^ 
and  in  chloroform.  A  small  quantity  of  iodine  dissolved  in  carbon 
bisulphide  tints  it  rose-colour,  but  in  a  somewhat  larger  amount  it 
gives  a  violet  colour.  Chloroform  (quite  free  from  alcohol)  is  also 
tinted  rose  colour  by  a  small  amount  of  iodine.  This  gives  an 
easy  means  for  detecting  the  presence  of  free  iodine  in  small  quan> 
tities.  The  coloration  which  free  iodine  gives  with  starch  may 
also,  as  has  already  been  frequently  mentioned,  serve  for  the  detection 
of  iodine. 

If  we  compare  the  four  elements,  fluorine,  chlorine,  bromine,  and 
iodine,  we  see  in  them  an  example  of  analogous  substances  which 
arrange  themselves  by  their  physical  properties  in  the  same  order  as 
they  stand  in  respect  to  their  atomic  and  molecular  weights.  If  the 
weight  of  the  molecule  be  large,  the  substance  has  a  higher  specific 
gravity,  a  higher  melting  and  boiling  point,  and  a  whole  series  of  pro- 
perties depending  on  this  difference  in  its  fundamental  properties.  A 
large  atomic  weight  should  determine  a  larger  affinity  between  the 
molecules,  and  consequently  a  greater  difficulty  in  their  division  and  a 
greater  attraction  between  them.  We  meet  a  very  evident  example 
in  question  in  polymeric  compounds  ;  for  instance,  in  the  hydrocarbons 
expressed  by  the  formula,  C„H2„  :  C2H4,  C^Hc  are  gases,  those  having  a 
greater  molecular  weight — for  instance,  CjHio,  C7H14,  kc. — are  liquids, 
and  those  of  a  still  greater  molecular  weight  are  solids.  The  same  rela- 
tion is  found  in  the  above-named  four  elements.  Chlorine  in  a  free 
state  boils  at  about  —  35°,  bromine  boils  at  60°,  and  iodine  only  above 
180°.  According  to  Avogadro-Gerhardt's  law,  the  vapour  densities 
of  these  elements  in  a  gaseous  state  are  proportional  to  their  atomic 
weights,  and  here,  at  all  events  approximately,  the  densities  in  a  liquid 
(solid)  state  are  also  almost  in  the  ratio  of  their  atomic  weights. 
Dividing  the  atomic  weight  of  chlorine  (35*5)  by  its  sp.  gr.  in  a  liquid 
state  (1*3),  we  obtain  a  volume  =  27,  for  bromine  (80/3*1)  26,  as  also 
for  iodine  (1 27 /4-9)  26.6^ 

The  metallic  bromides  and  iodides  are  in  the  majority  of  cases  and 


•*  Tlie  equality  of  the  atomic  volumes  of  the  halogens  themselves  is  all  the  more 
remarkable  because  in  A.11  the  halogen  compounds  the  volume  augments  with  the  substitu- 
tion of  fluorine  by  chlorine,  bromine,  and  iodine.  Thus,  for  example,  the  volume  of 
sodium  fluoride  (obtained  by  dividing  the  weight  expressed  by  its  formula  by  its  specific 
gravity)  is  about  15,  of  sodium  chloride  27,  of  sodium  bromide  82,  and  of  sodium 
iodide  41.  The  volume  of  silicon  chloroform,  SiHCl-,  and  of  the  corresponding  bromiu*- 
and  iodine  compounds,  are  H2,  108,  and  122  respectively.  So  in  solutions,  for  example, 
NaCl  +  200K,O  has  a  sp.  gr.  (at  15°  4°;  of  1010(5,  consequently  the  volume  of  the  solution 
8G58'5/1-010(>  =  »G20,  hence  the  volume  of  sodium  chloride  in  solution  =3620  —  3(503  (this  l« 
the  vol.  of  200  H20)  =  17.     So  also  in  similar  solutions,  NaBr  =  26  and  Nal  =  35. 
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respects  analogous  to  the  corresponding  chl*  irides,**''  but  chlorine  displaces 
the  bromine  and  iodine  fmm  thenii  and  bromine  lilierates  iodine  from 
iodides,  which  is  taken  advantage  of  in  the  pi^paration  of  these  halogens. 
However,  the  researches  of  Pntilitzin  showed  that  a  reverse  displace- 
ment of  chlorine  by  bix>mine  may  occur  both  in  solutions  of  and  in 
ignit£^d  metJillic  chlorides  in  an  atmosphere  of  bromine  vapour — tliat  is, 
ji  distribution  of  the  metal  (acconling  to  BerthoUet^s  doctrine)  takes 
place  between  the  halogens,  although,  however,  the  larger  portion  still 
unites  with  tlie  chlorine,  Avhich  shows  its  greater  affinity  for  metals  as 
^*om pared  with  that  of  bromine  and  iodine,**^     The   latter,  however, 

^'^  Bui  the  denaity  (uid  eTeti  Tolnme,  Note  04)  of  n  bromine  comftoutid  b  a]wjL]rB 
^reAier  ih&n  that  of  a  chlorine  compound,  whiUt  that  of  un  iodine  compound  ih  atill 
gieataff.  The  order  ii^  the  sanie  in  m^ny  other  reftpeetH.  For  exiunple,  im  iodine  com- 
pound hiiH  a  higher  boiling  pctint  than  a  bromine  compootid,  il'c, 

*^  A.  L.  Potilitxin  showed  that  in  heuting  varioos  metallic  chlorides  in  a  closed  tiibe,witli 
All  equivnientqniLutity  of  bromine,  a  diHtrihntion  of  the  metal  between  tlie  halojErenB  always 
occurs,  luid  that  the  amonntH  of  chlorine  rriplaced  by  the  bromine  In  the  ultmiat^j  product 
lure  proportional  to  the  atomic  w**ightB  of  the  nietalii  taken  and  inverstely  proportional  to 
their  equivalency.  Thuft,  if  NaCl-f  Br  be  takeut  then  out  of  irH)  part*  of  chlorine,  5'64  wre 
replaced  by  the  bromine,  whilnt  if  AgCl  +  Br  be  taken,  the  27*^8  partH  are  replaced^ 
Thew!  ti)Hrure»  are  in  the  ratio  1  :  4  II,  bnt  t!ie  atomic  weights  Na  ;  Ag=  1  :  i".  La  generibl 
termH,  if  a  chloride  MCl„  be  taken,  then  it  giv^s  with  nBr  a  percentage  substitiitioii 
=  4M,  r',  where  M  is  the  atomic  weight  of  the  metab  This  law  was  deduced  fromobserviir- 
tiooB  on  the  chlorides  of  Li,  K,  Na,  Ag  («  =  It,  C»i,  Sr,  Ba, Co,  Ni,  Hg,  Pb  (n  =  2),  Bl  {n ^ B)» 
Su(/»=*Kand  Fe-^(n  =  Oj. 

In  these  determinations  of  Potilitxin  we  8«e  not  only  a  brilliant  confinuatinn  of 
Berthollet'a  doctrine,  but  also  the  first  effort  (there  have  been  no  similar  determination  a 
since  1870)  to  directly  df*temime  the  affinities  of  elements  by  nieaiiKof  displacement  The 
<*hief  object  of  the*©  researches  consicitecl  in  proving  whether  a  diAplaiement  occurs  in 
those  cases  where  heat  is  absorbed,  and  in  this  instance  it  should  he  absorbed,  beeaase 
the  formation  of  all  metaUic  bromides  is  attended  with  the  eTolutiofi  of  le*s  heat  than 
that  of  the  cbloridcR,  as  is  seen  by  the  figures  given  in  Note  55.  Among  the  results  of 
<»ther  researches  made  by  Potihtzin  in  the  aamti  direction,  it  is  neoeiMuury  io  tiun  atten- 
tion to  the  following. 

If  the  mass  of  the  bromine  be  increased^  then  the  amount  of  chlorine  disploeed  also 
increases.  For  example,  if  masaes  of  bromine  cif  I  and  4  equivalents  act  on  a  molecule  of 
«odlnm  chloride,  then  the  percentages  of  the  chlorine  displaced  will  be  flOH  p,c,  and 
ia'16  p.c, ;  in  the  action  of  1,  4,  ft,  lt»,  'iS,  and  100  molecules  of  bromine  on  a  molecule  of 
barium  chloride,  there  will  be  displaced  7'8, 17'6,  ajJ'5,  81*0.  36*0,  and  450 p,c.  of  chlorine. 
If  an  etpiivalent  quantity  of  hydrochloric  acid  act  on  metallic  bromides  in  closed  tubes,  and 
in  the  absence  of  water  at  a  temperature  of  JMK)^',  then  the  percentages  of  the  substitution 
of  the  bromine  by  the  chlorine  in  the  doable  decotnposition  taking  plac«  between  univalent 
meialt  ore  inversely  pro|>ortional  to  their  atomic  weights.  For  example^  NaBr+  HCl  gives 
at  the  limit  21  p.c.  of  displacement,  KCl  13  p.c.  and  Ag€l  14^  p.c.  EAscntially  the  same 
takes  place  in  an  aqueous  solution,  although  the  phenomena  is  complicated  by  the  parti- 
ci(kation  of  the  water.  The  reactions  proceed  of  themselvea  in  one  or  the  other  direction 
at  the  ordinary  temperature  but  at  different  ra/«4.  In  the  action  of  a  dilute  solution  {I 
equivalent  t>er  5  litres)  of  sodium  chloride  on  silver  bromide  at  the  ordinary  tempera- 
ture, 'i  07  p.c.  of  bromine  is  replaced  in  six  luid  a  half  days,  with  potassium  chloride 
1*5  p,c.  With  an  excess  of  the  chloride  the  magnitude  of  the  >>ubstitution  increases; 
with  four  equivalents  it  is  4'il6  p.c*  in  nine  dayii.  In  the  action  of  0  grams  of  sodiiun 
cldoride  on  11  grams  of  siker  bromide^  0  00  p.e.  of  bromine  it  replaced  tn  thirteen  days. 
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scmietimes  l>ehave  witb  respect  to  metallic  oxides  m  exactly  the  samel 
manner  as  chlorine.     Gay-Lussac,  by  ignitmg  potassium  carbonate  in  | 
iodine  vapour,  obtained  (lis  with  chlorine)  an  evolution  of  oxygen  and 
carbonic   anhydride,  K./JO^  +  I.j  :=  "JKI  +  CO.j  +  0^    only   the  reac*  I 
tions  between  the  halogens  and  uxygen  are  moit?  easily  reversible  withi 
bromine  and  iodine  than  with  chlorine,     Tims,  at  a  red  heat  oxygen 
displaces  iodine   from   barium   iinlide   (besides   which  the    reaction    is 
here  complicated  by  iodine  being  more  easily  oxidised  than  chlorine). 
Aluniiniuiu  icwlide  burns  in  a  current  of  oxygen  (DeviUe  and  Troost), 
and  a  similar,  altliough  not  so  highly  develope<l,  relation  exists  fori 
aluminium    choride,  and   shows    that    the   halogems  have  a  distinctly 
smaller  atiinity  for  metals  which  only  form  feeble  bases.    This  refers  tt> 
a  still  greater  extent  to  non-metals,  which  form  acids  and  evolve  much 
more  heat  with  oxygen  than  the  halogens.     But  in  all  these  instances 
the  aHinity  (and  amount  of  heat  evolved)  of  iodine  and  bromine  is  less 
than  that  of  chlorine,  probal^ly  liecause  the  atomic  weights  are  greater^ 
whilst  the  properties  of  the  atoms  of  all  the  halogens  are  analogous. 
The  smaller  store  of  energy  in  iodine  and  bromine  is  seen  still   more- 1 
clearly  in  the  relation  of  the  halogens  to  hydrogen.     In  a  gaseous  state 
they  all  enter,  with  more  or  less  ease,  into  direct  combination  with 
gaseous  hydrogen — for  example,  in  tbt3  presence  of  spongy  platinum^ 
forming  halogen  fu^ids,  HX — but  the  latter  are  far  from  lieing  equally 
stable  ;  hydrogen  chloride  h  the  most  stable,  hydrogen  iodide  the  least 
so,  and  hydrogen  bromide  occupies  an  intermediate  position.     A  very 
strong  heat  is  ref|uired  to  only  partially  decompose  hydrogen  chloride, 


Theae  cunv^mioiift  ii-ltu?  prfx-tied  with  the  absorption  of  heat.    The  reverse  r6ftOtidB»| 
evolving  heat  proceed  incompurubly  more  nipidly,  but  also  to  «i  cBrtuin  limit;  lar  i<«icAiDipl«» 
in  LIjb  rtijiction  AgCl 4-  RBr  the  following  pertentages  of  siher  bromide  are  formed   in 
different  itmes : 
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a 

8 

32 

K 

79-82 

87'4 

8ft'a2 

N» 

83'(V3 

9074 

01'70 

m\ 


05-41) 


19(> 


Con8t*qT]eiitl)%  the  conveiuionfl  which  at**  r*ecMJUipiUiie<l  by  IhiseToltttion  of  heut  |trocced  \ 
with  very  mudi  j^ejiiti^r  mpidity  thiin  the  reverm^  couvemons.  If  the  rate^  at 
oommenc(3iiicnt  of  the  first  ii-iictions  be  plrtced  side  by  Hide  witli  Dm  iLinntintfi  nf 
evolved  by  them,  tlmn  u  iK?rf*.H;t  donforfiiily  in  Mn^n  t«>  exist  bi?tw«eu  tlie  diitji^  In  |lil» 
reibctioQ  hptweeii  Aji;Cl  und  KBr  an  tboiiHiuid  heiit  iinitH  ure  evolved, ifind  the  c^te  of 
this  reaction  in  the  firwt  two  bourti  if*  exprewH^d  by  thefonniititm^if  708  px.of  bmmida  i>f 
silvoir;  if  NaBr  act  on  AgCh  thun  iil  thouauiid  hent  uiiitfl  are  evolved,  and  the  tmU^ 
during  the  firat  two  hour»  i»  88  li  p.c.  This  ixinformity  between  the  rnte  of  renetion  ium? 
the  thermiil  fij^res  is  also  remarked  for  other  couniKJUiidH.  This  ghows  titat  the  thenital 
figures  are  not  equivalent  to  the  entire  work  of  aflinity,  hut  are  only  proportjonnl  tc  thi» 
first  rates*  of  reactionfi.  Tliifi  exidains  why  it  \^  poHsible  upon  their  hatds  to  fort?tie«  1 
direction  of  the  dominating  reaction  m  a  complex  medium^  but  ini^Kiseible  to  forelell  in 
whjit  direction  the  reaction  will  proceed. 
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whilst  liydrogen  ioclide  is  decomposed  by  light  at  even  the  ordinary 
temperature,  and  very  easily  by  a  red  heat.  And  therefore  the  reaction 
la  -h  H.>  =  HI  -f  HI  is  very  easily  reversible,  and  consequently  ban  a 
limit,  and  liydrogeo  iodide  easily  disiiociates.'*'  Judging  by  the  dii-ect 
measurement  of  the  heat  evolved,  the  conversion  of  2HC1  int*>  Hj  +  Cl^ 
requires  the  expenditure  of  44000  heat  units  (l>ecauHe  the  formation  of 
HCl  evolves  22O0O  heat  units).  The  decoinjHjsition  of  2HBr  into 
H.J  +  Br.j  requires,  if  the  bromine  is  olitJ^ined  in  a  ga.seous  state,  a 
consumption  of  only  about  24000  unitii,  and  in  the  decomposition 
of  2HI  into  H.^  +  I,^  as  vapour  about  3000  heat  unit«  are  cvofved,*'^ 
which,   without  doubt,    8tand.s   in    iimsal  connection  with   the  fn^eat 


^  Th0  dmaeiation  ofk^driodic  acidhM*  be«n  tifcudied  m  detiuJ  by  HanlefeaiUe  an^ 
Lfumolnc,  from  whose  reseftrchee  we  will  exttiu;i  the  following  information.  The  decompo- 
siHou  of  hydriodie  ut'id  is  diKtinct,  but  proceeds  aJuwly  ni  180"  ;  Uin  rate  and  limit  of  de- 
cofiipoHttiod  iof  rt*itHe»  witb  ik  riftt*  of  tenii>erAture     Hie  ruverst?  action  i*  the  fiitme — tbut 
Ih,  Ij  +  H-^  forme  2HI,  not  only  nnder  the  intlnfiice  of  spongy  platinum  {Cor«jiiwindi*r)^ 
which  al»»  aceelentti^H  the  decoin[:N>AJtJi>ri  of  hydriodlc  Acid»  but  it  als4]  proce«dH  by  itself 
iilthou^h  alowly.     The  limit  of  the  reverite  reaction  remainn  the  h^me  with  or  without 
itfpoui^y  platimutu     An  increai^iti  of  prtfsfture  luwi  a  Yvry  i>fjwerfol  4wci*lerative  i^lT^ct  on  tho 
rate  of  tlw  rtuuliou  of  the  formation  of  hydriodic  acid^  und  therefor©  sjiooify  platinum  by 
eondetiHLng  pawn  has  th«*  Bame  effect  as  increum^  of  pressure.    At  Iheatmot^pheric  pre^isure 
the  dkieotopofiition  of  hydr iodic  acid  reaehen  the*  l>el(;rw mentioned  limit  at  'loO    in  several 
inotitht,  and  at  44(»    in  s<«vefal  hours.    Tlie  limit  at  250*^  w  about  IH  p.*.  of  dwompoKitioti 
— tliat  ifi,  out  of  10ft  partii  of  hydrogen  pnniously  t'omhined  in  hydriodic  acid,  about 
10  p.e.  may  be  disengaged  at  tluK  temperature  I  this  hydrogen  iimy  be  easily  meiLHurfjd, 
■.nd  the  tueaaure  of  diaaociatioii  detemiiue<d)«  bxit  not  more  ;  the  timit  at  440^'  iti  about 
90  px.    If  the  pressure  under  which  ^HI  pan^e^  into  H^+  L>be  l^  AlnioHphereH,  then  tht« 
liinit  ia  S4  p,c*;  under  a  prenwure  of  \  atmoiiphere  the  limit  i*  2iJp.c,   Tlie  wnall  influence 
of  pretwttre  cm  the  diHs^xviation  of  hydriodic  acid  (compared  with  XjO^,  Chap.  VI.  Note 
4«)  in  due  to  the  fat't  that  the  reaction  tiHI^Ig-f-Hj  m  not  accompanied  by  a  chan^  of 
volume,  and  probably  the  exifitiuK  difference«  are  determim*tl  by  deviationt^  from  Boyle- 
M»triotte*8  law.     In  order  to  nhow  the  influence  of  tiine»  we  will  cite  the  following  figfurei^ 
referring  toft:»0^  :  1.  Reaction  Hj  +  I^,  Shoura,  &8  p.c,  of  hydrogen  remained  free ;  8  hours, 
<W)  p,c. ;  H4  bourK,  4H  p»e. ;  7t»  bonrH,  '29  p.e.;  and  3'J7  hours,  IH'S  p.c.  of  hydrtjgen  remained 
in  a  free  »itate.  9.  The  revenw*  dwMiinffOBition  of  "IJiJ,  ft  bourn^  H  p,j\  of  hydrogen  net  free, 
and  after  9r>0  hoars  18"6  p.c.  of  hydrogen  became  free — Uuit  in,  the  limit  wah  reached.   Tlie 
addition  of  extraneoufi  hydrogen  diminiaheA  the  limit  of  the  reaction  of  decompoaition,  or 
tncreaaeft  the  formation  of  hydriotlic  acid  from  iodine  and  hydrogen,  as  would  be  expected 
from  BertholletV  doctrine  (Chap.  X.).     Thus  at  140^  26  p.c,  of  hydriodic  acid  is  dtMxvm- 
posed  if  there  Jh?  no  admixture  of  bydrt>gen,  while  if  H,.  be  added,  then  at  the  limit  half 
a«  HmaH  a  niaHs  of  HI  ia  decorni>o*iwl.    Therefore,  if  an  infinite  maK«  of  hydrtjgen  htt 
taken  there  will  be  no  decfmiposition  of  the  hydriodic  acid.     Light  ajdni  tlie  decompo- 
aitlon  of  hydriodic  acid  very  powerfully.     At  the  ordinarj'  temperaturt*!  Wi-  p.c.  ia  decom- 
posed under  the  influence  of  lights  wliiUt  under  the  influence  of  heat  alone  thiH  limit 
correa{>ondB  with  a  very  high  temperature.   The  diMtinct  acti<ui  of  light,  apmgy  platinum^ 
and  of  imperfect  cleanlineHsi   in  glatM^   |eH-|»ecialIy  «>f  nodium   Rutphate,    which  destroya 
hydriorlic  acid),  not  only  render  the  invei»tigation»diflicultJnit  alMu  ahow  that  in  reActionA 
like  2HI- 1,4  H.^»,  whit  h  are  a/ccimipanii-d  by  t^light  beat  effc;ctfl,  all  foreign  and  fooble 
influencet  may  deeply  nITect  the  prc»cehK  of  the  phenomenon  tXote  47). 

**  The  thermal  determination*  of  Tliomaen   (at  It**^)  gave  in  thoaionda  of  c&lorie«^ 
Cl^H-^  +29,  HCl+Aq  (th*t  ia,  a  lKt$e  unottul  of  Wftt«r  di«8olve»  HCI} ^  +17'8,  ui<l 
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stability  of  hydrogen  chloride,  the  easy  decomposability  of  hydrogen 
iodide,  and  the  intermediate  properties  of  hydrogen  bromide.  From 
this  it  would  be  expected  that  chlorine  is  capable  of  decomposing  water 
with  the  evolution  of  oxygen,  whilst  iodine  has  not  the  energy  to 
produce  this  disengagement,^^  although  it  is  able  to  liberate  the  oxygen 
from  the  oxides  of  potassium  and  sodium,  as  the  affinity  of  these  metals 
for  the  halogens  is  very  considerable.  For  this  reason  oxygen,  especially 
in  compounds  from  which  it  can  be  evolved  (for  instance,  CIHO,  CrO,, 
«fec.),  easily  decomposes  hydrogen  iodide.  A  mixture  of  hydrogen  iodide 
and  oxygen  bums  in  the  presence  of  an  ignited  substance,  forming 
water  and  iodine.  Drops  of  nitric  acid  in  an  atmosphere  of  hydrogen 
iodide  produce  the  disengagement  of  violet  fumes  of  iodine  and  brown 
fumes  of  nitric  peroxide.  In  the  presence  of  alkalis  and  an  excess  of 
water,  however,  iodine  is  able  to  produce  oxidation  like  chlorine — that  is, 
it  decomposes  water  ;  the  action  is  here  aided  by  the  affinity  of  hydrogen 
iodide  for  the  alkali  and  water,  just  as  sulphuric  acid  helps  zinc  to  decomr 
pose  water.  But  the  relative  instability  of  hydriodic  acid  is  best  seen  in 
comparing  the  acids  in  a  gaseous  state.  If  the  halogen  acids  be  dissolved 
in  water,  they  evolve  so  much  heat  that  they  approach  much  nearer 
to  each  other  in  properties.  This  is  seen  fromthermochemical  data, 
because  in  the  formation  of  HX  in  solution  (in  a  large  excess  of  water) 
from  the  (/aseous  elements  there  is  evolved  ior  HCl  39000,  for  HBr  22000, 

therefore  H  +  CI  +  Aq  =  +  39'3.  In  taking  molecules,  all  these  figures  must  be  doubled. 
.Br  +  H=  +8-4;  HBr +  Aq  =  19*9;  H  +  Br  +  Aq=  +28-3.  According  to  Berthelot  T'i  go 
to  the  vaporisation  of  Br.^,  hence  Br.2  +  H.2  =  16*8  + 7*2=  +2-4,  if  Br.^  be  taken  as  vapour 
for  comparison  with  CI.2.  H  + 1  =  -  CO,  HI  +  Aq  =  192  ;  H  + 1  +  Aq  =  + 13-2,  and,  accord- 
ing to  Berthelot,  the  heat  of  fusion  of  I.j  =  3*0,  and  of  vaporisation  00  thousand  heat  units, 
and  therefore  I2  +  H.^  =  —  2(00)  +  3  +  0  =  —  3*0,  if  the  iodine  be  taken  as  vapour.  Berthelot, 
on  the  basis  of  his  determinations,  gives,  however,  +  0*8  thousand  heat  units.  Similar 
contradictory  results  are  often  met  with  in  thermochemistry  with  the  imperfection  of 
the  existing  methods,  and  depend  on  the  necessity  of  obtaining  the  fundamental  figures 
by  an  indirect  method.  Thus  Thomsen  decomposed  a  dilute  solution  of  potassium  iodide 
by  gaseous  chlorine ;  the  reaction  gave  +  26*2,  whence,  having  first  determined  the  heat 
effects  of  the  reactions  KHO  +  HCl,  KHO  +  HI  and  Cl  +  H  in  ivqueous  solutions,  it  was 
possible  to  find  H  + 1  +  Aq  ;  then,  knowing  HI  +  Aq,  to  find  I  +  H.  It  is  evident  that  the 
unavoidable  errors  may  multiply  themselves. 

®^  One  would  think,  however,  that  on  the  basis  of  Berthollet's  doctrine,  and  the  obser- 
vations of  Potilitzin  (Note  66),  a  certain  trace  of  slow  decomposition  of  water  by  iodine 
may  exist.  In  this  sense  the  observations  of  Dossios  and  Weith  on  the  fact  that  the 
solubility  of  iodine  in  water  increases  after  lapse  of  several  months,  will  be  comprehen- 
sible. Hydrio<lic  acid  is  then  formed,  and  it  increases  the  solubility.  If  the  iodine  be 
extracted  from  such  a  solution  by  carbon  bisulphide,  then,  as  the  authors  showed  after 
the  action  of  nitrous  anhydride,  iodine  may  be  again  found  in  the  solution  by  means  of 
starch.  One  can  easily  imagine  that  a  number  of  like  re«ictions,  requiring  much  time  and 
taking  place  in  small  quantities,  have  up  to  now  eluded  the  attention  of  investigators 
who  even  still  doubt  the  universal  application  of  Berthollet's  doctrine,  or  only  see  tlie 
thermochemical  side  of  reactions,  or  else  neglect  to  pay  attention  to  the  element  of  time 
and  the  influence  of  mass. 
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•and  for  HI  18000  heat  units. '^  But  this  is  especially  evident  from 
the  fact  that  solutions  of  hydn>gen  bromide  and  icKlide  in  water  have 
many  points  in  common  with  solntions  of  hydrogen  chloride,  l>oth  in 
their  oapacity  to  form  hydrates,  fuming  solutions  of  constant  hoihng 
point,  and  in  their  capacity  to  form  haloid  salts,  <fec.,  by  reacting  on 
bases* 

In  consequence  of  what  has  been  said  above,  it  follows  that  hi/dro- 
ttromw  and  hydrudie  (vndsy  being  substances  which  are  but  slightly 
stable,  cannot  be  evolved  in  a  gaseous  state  under  many  of  those  condi- 
tions under  which  hydrochloric  acid  is  formed.  Thus  if  sulphuric  acid 
in  solution  acts  on  sodium  iodide^  all  the  same  phenomena  t^ake  place  as 
with  sodium  chloride  (a  portion  of  the  sodium  iodide  gives  hydriodic 
acid,  and  all  remains  in  solution),  but  if  sodium  iodide  be  mixed  with 
strong  sulphuric  acirl,  then  its  oxygen  decomposes  the  hydriodic  acid 
set  free  with  liberatinn  of  iodine,  HaSO^  -f  2HI  ^  2H^< J  -f  SO._,  +  I^. 
This  reaction  proceeds  in  the  reverse  direction  in  the  presence  of  a  wwmj* 
of  water  (1*000  parts  of  water  per  I  piirt  of  SO,^/),  in  which  not  only  the 
affinity  of  hydriodic  acid  for  water  evinces  itself,  but  also  the  direct 
participation  of  water  in  the  direction  of  chemical  reactions  accomplLshed 
through  it«  mediuTix."*  Therefore,  having  a  halogen  salt,  it  is  easy  to 
obtain  gaseous  hydrochloric  acid  (by  the  action  of  sulphuric  acid),  but 
neither  hyrlrobromic  nnr  hydriodic  acid  can  be  so  obtained  fi*ee  (as 
gases).*-  ( Jther  methods  are  requisite  for  their  preparation  ;  but  above 
all  there  must  be  conditions  f*>r  the  r'emoval  of  oxygen,  which  is  so  easily 
able  to  destroy  these  acids.  Therefore  hydrogen  sulphide,  phosphorus, 
*tc.,  which  themselves  easOy  ttike  up  oxygen,  ai*e  introduced  as  means  for 
the  conversion  of  bromine  and  iodine  into  hydrobromic  and  hydriodic 
acids  in  the  presence  of  water.  For  example,  in  the  action  of  phosphorus 
the  essence  of  the  matter  is  that  the  oxygen  of  the  water  goes  to  the 
phosphorus,  and  the  reaction  of  the  remainders  leads  to  the  formation 
of  hydrobromic  or  hydriodic  acid  ;  but  the  matter  is  complicated  by  the 
reversibility  of  the  reliction,  the  atfinity  for  water,  antl  other  cireum- 
stances  which  are  understood  by  following  Berthollet*s  doctrine. 
Chlorine  (also  bromine)  directly  decomposes  hydrogen  sulphide,  formiug 
hydrochloric  acid  and  libeniting  sulphur,  both  in  a  giiseous  furui  and  m 
solutions,  whilst  iodine  only  decompiles  hydrogen  sulphide  in  weak 

^  On  the  bAsia  of  Ui«  daU  in  Note  m. 

'1  A  uuniber  of  like  c«kseH  oou^nu  what  hiia  been  said  in  KoieH  26  und  28  of 
Chapter  X. 

'*  This  iu  prevented  l>y  the  redacibtlity  of  ftulphunc  iwsid.  If  volatile  acida  he  takoii 
Ibey  pM8  over,  together  with  the  hydpobromiL-  and  hydriodic  acids,  wheu  distilled  ; 
whilst  mAay  fkon-robtile  iw?ids  which  are  not  reduced  by  liydrtiljroinic  And  bydriodi*.' 
fteidfl  only  net  feebly  ilike  pho«phorte  itcid),  or  do  not  ihci  rI  nil  (Itkii  boric  ncid). 
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solutions  when  its  affinity  for  hydrogen  is  aided  by  the  aftinity  of 
hydrogen  iodide  for  water.  In  a  gaseous  state  iodine  does  not  act 
on  hydrogen  sulphide/^  whilst  sulphur  is  able  to  decompose  gaseous 
hydriodic  acid,  forming  hydrogen  sulphide,  and  a  compound  of  sulphur 
and  iodine  with  which  water  forms  hydriodic  acid.'^ 

If  hydrogen  sulphide  be  passed  through  water  containing  iodine,  the 
reaction  HjS  +  13  =  2HI  +  S  proceeds  so  long  as  the  solution  be 
dilute  ;  or  with  a  greater  mass  of  iodine,  so  long  as  a  solution  of  iodine 
in  hydriodic  acid  having  a  composition  of  nearly  2HI  +  41^  +  OHjO 
(according  to  Bineau)  be  not  formed.  Hydrogen  sulphide  then  no  longer 
acts  on  such  a  solution,  whatever  be  the  mass  of  the  free  iodine.  There- 
fore, only  weak  solutions  of  hydriodic  acid  can  be  obtained  by  passing 
hydrogen  sulphide  into  water  with  iodine.^'*'' 

To  obtain^*  gaseous  hydrobromic  and  hydriodic  acids  it  is  most 

7^  This  is  in  agreement  with  the  thermochemical  data,  because  if  all  the  substanoM 
be  taken  in  the  gaseoas  state  (for  sulphur  the  heat  of  fusion  is  0*8,  and  the  heat  of 
vaporisation  28)  we  have  H2  +  S  =  4-7;  H.2  +  C1.^  =  44;  H2  +  Br,,  =  24,  and  H2  +  I«= 
—8000  heat  units;  hence  the  formation  of  H2S  gives  less  heat  than  that  of  HCl  and 
HBr,  but  more  than  that  of  HI.  Li  dilute  solutions  H2  +  S  + Aq  =  9'3,  and  consequently 
less  than  the  formation  of  all  the  halogen  acids,  as  H2S  evolves  but  little  heat  with 
water,  and  therefore  in  dilute  solutions  chlorine,  bromine,  and  iodine  decompose 
hydrogen  sulphide. 

"*  Here  there  are  three  elemeuts,  hydrogen,  sulphur,  and  iodine,  e»\ch  jmir  of  which 
is  able  to  form  a  compound,  HI,  HoS,  and  SI,  besides  which  the  latter  may  unite  in 
various  proportions.  Tlie  complexity  of  chemical  mechanics  is  seen  in  such  examples  as 
these.  It  is  evident  that  only  the  study  of  the  simplest  cases  can  give  the  key  to  the 
more  complex  problems,  and,  on  the  otlier  hand,  it  is  evident  from  the  examples  cited  in 
the  last  pages  that,  without  penetrating  into  the  conditions  of  chemical  equilibria,  it 
would  be  impossible  to  explain  chemical  phenomena.  By  following  the  footnteps  of 
BerthoUet  the  possibility  of  unravelling  the  problem  will  be  reached ;  but  the  work  in 
this  direction  has  only  been  begun  during  the  last  ten  years,  and  much  remains  to  be 
done  by  first  collecting  experimental  material,  for  which  occasions  present  themselves 
at  every  step.  The  new  chemistry  will  without  doubt  place  tliese  problems  to  the 
fore.  In  speaking  of  the  halogens  I  wished  to  turn  the  reader's  attention  to  problems 
of  this  kind,  and  to  the  metliods  by  which  we  may  expect  to  arrive  at  their  solution. 
However,  owing  to  the  limited  space  of  this  book,  I  am  not  able  to  touch  on  lUl  the  exist- 
ing problems  of  this  nature. 

"^'^  The  same  essentially  takes  place  when  sulphurous  anhydride,  in  a  dihit«  solu- 
tion, gives  hydriodic  acid  and  sulphuric  acid  with  iodhie.  On  concentration  a  reverse 
reaction  proceeds.  The  equilibrated  systems  and  the  part  played  by  water  are  everj- 
where  distinctly  seen. 

7*  Methods  of  formation  tmd  preparation  are  nothing  else  but  particular  eases  of 
chemical  rcivction.  If  the  knowledge  of  chemical  mechanics  were  more  exact  and 
complete  than  it  is  now  it  would  bo  possible  to  foretell  all  cases  of  preparati<m  tcith 
eccrij  detail  {of  the  quaniiiy  of  water,  temperature,  pressure,  masses,  ttc).  The  study 
of  practical  metliods  of  preparation  is  therefore  one  of  the  paths  for  the  study  of  chemical 
mechanics.  The  reaction  of  iodine  on  phosphorus  and  water  is  a  case  like  that  mentioned 
in  Note  74,  and  the  matter  is  here  furtlier  complicated  by  the  possibility  of  the  formation 
of  the  comix)und  PH3  with  HI,  as  well  as  the  production  of  ri.>.  PI3,  and  the  affinity 
of  hydriodic  acid  and  the  acids  of  phosphorus  for  water.     The  theoretical   interest  of 


THE  HALOGENS  499 

convenient  to  take  advantage  of  the  reactions  between  phosphorus, 
the  halogens,  and  water,  when  the  latter  is  present  in  small  quantity 
(otherwise  the  lialogen  acids  formed  are  dissolved  by  the  water),  and 
the  halogen  is  gradually  added  to  the  phosphorus  moistened  with 
water.  Thus  if  red  phosphorus  be  placed  in  a  flask  and  moistened  with 
water,  and  bromine  be  added  drop  by  drop  (from  a  closed  funnel  with 
a  glass  tap),  hydrobromic  acid  is  abundantly  and  uniformly  dis- 
engaged.'^ Hydrogen  iodide  is  prepared  by  adding  1  part  of  common 
(yellow)  dry  phosphorus  to  10  parts  of  dry  iodine  in  a  glass  flask.  On 
revolving  the  flask,  reaction  (light  and  heat  are  evolved)  proceeds  quietly 
between  them,  and  when  the  mass  of  the  iodide  of  phosphorus  which  is 
fonned  has  cooled,  water  is  added  drop  by  drop  (from  a  funnel  with  a 
tap)  and  hydrogen  iodide  is  evolved  even  without  the  aid  of  heat. 
These  methods  of  preparation  will  be  at  once  understood  when  it  is 
remembered  (p.  462)  that  phosphorus  chloride  gives  hydrogen  chloride 
with  water.  It  is  exactly  the  same  here — the  oxygen  of  the  water 
passes  over  to  the  phosphorus,  and  the  hydrogen  to  the  iodine  ;  for 
example,  PI3  -f  SHjO  =PH303  -f  3HI.77 

In  a  gaseous  form  hydrobromic  and   hydriodic   acids  are  closely 

equilibria  in  all  their  complexity  is  naturally  very  great,  but  it  falls  in  the  background 
before  the  primary  interests  of  disco vering  practical  methods  for  the  isolation  of  sub- 
stances, and  the  means  of  employing  them  for  the  requirements  of  man.  It  is  only  after 
Che  satisfaction  of  these  requirements  that  interests  of  the  other  order  arise,  which 
themselves  reflect  the  interests  of  the  primary  nature.  For  these  reasons,  whilst  con- 
sidering it  opportune  to  point  out  the  theoretical  interests  of  chemical  equilibria,  the 
chief  attention  of  tlie  reader  is  directed  in  this  work  to  the  primary  chemical  interests. 

■'^  Hydrobromic  acid  is  obtained  by  the  action  of  bromine  on  parafiin  heated  to  180°, 
Gustavson  proposed  preparing  it  by  the  action  of  bromine  (it  is  best  if  it  be  added  in 
drops  together  with  traces  of  aluminium  bromide)  on  anthracene  (a  solid  hydrocarbon 
from  coal  tar).  Balard  prepared  it  by  passing  bromine  vapour  over  moist  pieces  of 
common  phosphorus.  The  liquid  tribromide  of  phosphorus,  directly  obtained  from 
phosphorus  and  bromine,  also  gives  hydrobromic  acid  when  treated  with  water.  Bromide 
of  potassium  or  sodium,  when  treated  with  sulphuric  acid  in  the  presence  of  a  piece  of 
phosphorus,  also  gives  hydrobromic  acid,  but  hydriodic  acid  is  decomposed  by  this 
method.  In  order  to  free  hydrobromic  acid  from  bromine  vapour  it  is  passed  over  moist 
phosphorus  and  dried  either  by  phosphoric  anhydride  or  calcium  bromide  (calcium 
chloride  cannot  be  used,  as  hydrochloric  acid  would  be  formed).  Neither  hydrobromic 
nor  hydriodic  acids  can  be  collected  over  mercury,  on  which  they  act,  but  they  may  be 
directly  collected  in  a  dry  vessel  by  letting  the  gas-conducting  tube  pass  down  to  the 
bottom  of  the  vessel,  both  gases  being  much  heavier  than  air. 

'^  But,  generally,  more  phosphorus  is  taken  than  is  required  for  the  formation  of  PI-, 
because,  otherwise,  a  portion  of  the  iodine  is  distilled  over.  If  less  than  one-tenth  part 
of  iotline  be  taken,  then  much  phosphonium  iodide,  PH4I  is  formed.  This  proportion 
was  established  by  Gay-Lussac  and  Kolbe.  Hydriodic  acid  is  also  prepared  in  many 
other  ways.  BannofI  dissolves  two  parts  of  iodine  in  one  part  of  a  previously- prepared 
strong  (sp.  gr.,  1'67)  solution  of  hydriodic  acid,  and  pours  it  on  to  red  phosphorus  in  a 
retort.  Personne  takes  a  mixture  of  fifteen  parts  of  water,  ten  of  iodine,  and  one  of  red 
phosphorus,  which,  when  heated,  disengages  hydriodic  acid  mixed  with  iodine  vapour, 
which  is  removed  by  passing  it  over  moist  phosphorus  (Note  76).  It  must  be  remembered^ 
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analogous  tu  hydrochloric  acid  ;  they  are  liquefied  by  pr-essure  and  cold 
they  fuiue  in  the  air,  foim  solutions  and  hydrates  of  constant  boi] 
point,  iind  react  oji  metals,  oxides  and  salts,  ifccJ^     Only  the  reUtiv* 
easy  decomposability  of  hydrobroniic  acid,  and  especially  of  hydriotlic 
acid^  clearly  distinguish  these  acids  from  hydroohlonc  acid.      Fur 
reason,  hydriodic  acid  acts  in  a  number  of  cases  as  a   deoxidiser 
reducer,  and  tVef|uently  even  serv'es  as  a  means  for  the  transmission  < 
hydrogen.      Thus   Bert  he  lot,   Baeyer,  Wredeti»  and  others,  by  heatini 
unsaturated  hydrocarbons  in  a  solution  of  hydriodic  acid,  obtained  th^^J 
ct»mpounds  with  hydrogen    nearer   to  the  limit  C^H^,^.,  or  even  t^H 
saturatefl  compntintls.     Fi>r  example,  benzene,  C^^Hf^,  when  heated  in  » 
closeil  tube  with  a  strong  solution  of  hydriodic  acid,  gives  hexyleDe 
C,,Hji,     The  easy  deconiposability  of  hydinodic  acid  acc«>untfi  for 
fact  that  iodine  does  not  act  Ijy  metalepsis  on  hydrocarbons,  for  tin*" 
hytln>gt^n  iLMiide  liberated  with  tiie  product  of  metalepsis,  RI,  formed, 
gives  iodine  and  the  hydrogen  compound,  RH,  back  again.    And  the 
fore,  to  obtain  the  products  of  iodine  substitution,  either  iodic  acid,  HI(! 
(Kekule),  or  mercury  oxide,  Hgf  J  (Weselsky),  is  fulded,  as  they  imni*^- 
diately  react  on  the  hydrogen  iodide,  thus  :   HI03  +  5HI  =  3H2O-f  31^. 
or,  HgO  +  -2HI  =  HgT^  +  H./!),      From  these  considerations  it  will  W 
readily  understood  that  iodbie  acts  like  chlorine  (or  bromine)  on  am 
nionia  and  sodium  hydroxide,  for  in  this  case  the  hydriodic  acid  produced 
forms  NH4I  and  Nal.     Thus  with  tincture  of  iodine,  or  even  the  solid 
element,  a  f=olution  r^f  ammonia  immediately  forms  a  highly -explosii^ 

howeveft  that  reverau  roHcttoti  (,0|)|>enlieim)  may  tnJke  pLtce  between  ibe  bjdnodie  1 
iinil  phoAphonia,  in  which  the  coniikjumls  PHiT  und  PI_.  iire  formed* 

II  should  he  obeseiTwl  tliut  the  reiiution  beliive^^n  plto«pjionin  mid  uxliutt  unij  1 
mtXttC  bu  ciuried  on  in  the  ubove  proportiouH  mid  with  euutton,  iIh  tbey  miky  rciiu^ 
«3cploaion,    "With  red  phosphorua  the  reiwtion  proc«>ed8  quietly,  but  n«T<»rlti(»l€>a»  roquiin 
mre. 

L,  Meyor  HhoAved  tlmt  w  ith  iin  cxcfii**  ol  iodint?  the  reaA-'tion  proce^tds  wiUiout 
fonnatjon  of  bye-prcHbi€ts  (PH4I),  ateordingto  the  fquiitioTJ  P-f-  5l  +  iHjO  =  PH  < )    -    ft] 
For  tbiH  [tusr|iuKe  100  grams  of  iodine  and  U>  ^nmt*  of  wnl^T  lue  plated  iu  &  i. 
paHte  of  5  graniH  of  red  phohphoru»  and  10  graroe  of  woter  is  adehsd  liltle  by  1 1 
with  tfreat  c&reh     Tbe  hydriodio  acid  may  be  ohUined  freo  from  iodine  hy  dirt?<'tinK  ' 
neck  of  the  retort  upwards  and  eauaing  the  ga*  to  pa>m  through  m  s^ilialloiv  Iiiytr  of  wit 

^8  The  ftpucific  gniTitips  of  their  Bolutiona,  as  dtduttHl  by  me  tin  my  work*  cito 
Note  *io,  Cbnpf»T  X.)  os  the  basis  of  Topsoc  and  Berthelot's  determiuMtionA  for  IS^  i 
nre  an  tnHowH^ — 

10  20  m  40  50  (to  p,t.. 

HBr     1071  1157  l"2m  V37i  PBOri  l-(JfiO 

HI       ltl7o  Mfi4  1'267  1*8»9  1*587  Vim 

Hydrobromic  twid  fnniiH  two  hydruter^,  HBr,2HyO  and  HBt,H«0,  wbieb  liAte  bc*« 
Rtoidied  liy  BcK)2ebo«m  with  as  much  eomph^t^neHs  hk  ih»  hydrat<»  of  hydnKblotic  ataA 
(Chapter  X.  Note  37). 

Willi  metallir   Hilvert   Holutwnf*  nf  bydriodie  acid  give  hydi*ogt»n  witJi  |ST«at 
forming  nilver  iodidu.    Mercury,  leadj  tuid  other  metala  act  iu  a  like  miLnuer. 
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solid  black  product  of  metalepsis,  geuerally  known  n&  iodide  of  nUrogen^ 
altboiigh  it  probably  eaiitams  hydrogen,  3NH5  +  2I->  =  2NH  J-I-NHI2. 
However,  the  composition  of  the  protluet  is  varia)>le,  and  with  an  excess 
ot*  water  NI3  seems  to  be  foi-med.  Iodide  of  nitrogen  is  no  less  explosive 
than  nitrogen  chloride.  In  the  action  of  iodine  on  sodium  hydroxide 
no  bleaching  compound  ii?  foraied  ( whilst  bromine  gives  one),  but  a 
direct  reaction  is  always  ivecomplished  with  the  formation  of  u.n  iodate 
6NaH0  H-  3Ij  =  5NaI  H-  3H2O  +  NalOg  (Gay-LuBsac).  Solutions  of 
other  alkalis,  and  even  a  mixture  of  water  and  oxide  f»f  mercury,  act  in 
the  same  manner.  This  direct  formation  of  iodic  twid^  lUO;,  =  l02(<JH)j 
shows  the  propensity  of  iodine  to  give  com|)ounds  of  the  type  JX^. 
Indeed,  the  propensity  of  iodine  to  form  compounds  of  a  higher  type 
clearly  evinces  itself  in  many  ways.  But  it  Is  mo,st  important  to  turn 
attention  to  the  fact  that  iodic  acid  is  easUy  and  directly  formed  by  the 

taction  of  oxidising  substanee-s  on  iodine.  Thus,  for  instance,  strong 
nitric  acid  directly  converts  iodine  into  iodic  acid,  whilst  it  has  nu 
oxidising  action  on  chlorine."''*  This  shows  a  greater  athnity  in  iodine  for 
oxygen  than  in  chlorine^  and  tliis  conclusion  is  conlirnied  liy  the  fact 
that  iodine  dijsplaces  chlorine  from  its  oxygen  acids,^*^  and  that  in  the 
presence  of  water  chlorine  oxidises  io*line/'  Even  ozone  or  a  silent 
discharge  ptissed  through  a  mixture  of  oxygen  and  iodine  vapour  Is  able 
to  directly  oxidise  iodine  **-*  into  iodic  acid.    It  is  disengaged  from  solu- 

^  Tlit*  oxidtUiun  of  iixiino  liy  strong  nitric  Hcid  was  diiicovered  by  ConneU ;  MilJon 
tthowed  that  it  i»  u<!<vom|jlitilietl,  uUIioagli  itiora  slowly,  l)y  the  Hiciion  of  the  1iydr»te8  of 
tjilric  ftfid  up  to  HNOjjHjO,  bat  that  the  Bolntioii  HNO^iH^O,  tiiid  weaker  Bolutionn, 
<lu  uut  tjxiiiitw.^  but  edmply  disaulve^  iodine.  Tlit^  i^irtkipatioii  of  water  in  reactions  im 
HCwB  in  tliiti  iri»tiinc«.'.  It  is  iv1m>  i^een,  for  exiimpl<\  iJi  the  fux-'t  that  ^y  lunmoma  com- 
bincB  diiiectly  writh  iodine — for  inHtanc«,  ul  0-  formiiig  the  compound  l2,4NH5 — whilst 
iiidide  of  nitrogen  is  only  Torrnvd  under  the  iwition  of  water. 

^  Broiuine  uili^  diHiducea  eliloriiie — for  inntanee,  from  chloric  ttcid^  directly  forminj; 
broniic  acid.  If  %  solotion  of  potaB«iimi  chlorate  be  taken  (75  part*  per  400  partft  of 
wtiier)f  and  iodine  \m  liddtd  to  it  (MO  part«),  and  then  a  Bnmll  quanlity  of  nitric  acid, 
chlorine  i»  disengiH^ed  011  boihng,  and  [iotaAHiiim  iodat«  i»  formed  in  the  ttolotion.  In 
thiti  intitiuiee  the  nitric  iicid  first  evolvea  a  certain  jwrtion  of  the  chloric  acid,  and  \h» 
latter,  witli  the  iodine^  evolves  chlorine.  The  iodit;  acid  th«i«  formed  acts  on  a  farther 
ipiatntitj  of  the  pcitassiam  cklorate,,  sets  a  portion  of  the  chloric  ticid  free,  aad  in  thiA 
manner  the  action  is  kept  up.  Potilitzin  (Z6«7)  remarked,  bowever,  that  not  only  do 
bromine  and  iodine  displace  the  chlorine  from  chloric  acid  and  [JOtaHBium  chlorate,  bu4 
oloo  chlorine  dtaplace«  bromine  from  iMxlium  bromate,  and^  furthermore,  the  react  ion  doen 
not  proceed  a»  a  direct  subatitution  of  the  iuiJogens,  but  ii  accompanied  by  the  formation 
of  ire©  ocidfi ;  for  eianiple.  SNaClO-,  -h-  UBr^  +  3a>0  =  SNaBr  +  SHClO-  +  HBrOj. 

^^  If  u>dine  be  atirred  up  in  watcr^  and  chlorine  xiA.'^ti^^d  tlLiough  it,  then  the  iodine  ia 
dissolved ;  the  Hqiiid  becometi  colourlesft,  and  contain »,  according  to  the  mai&^  of  water 
and  chlorinCf  eitlicr  the  compounda  IHCl-j^  or  ICI5,  or  UIO;;;.  If  there  be  a  gmail  omonni 
of  water,  then  the  iodic  acid  may  separate  otit  directly  in  crystals,  but  a  complete  con- 
version  (Homemannl  only  occnrft  when  not  lestf  than  ten  parte  of  water  iire  token  to 
one  pan  of  iodine— ICl  +  UHaO  -f  2CI^  =  IHOs  -h  5HCI, 

•*  Bchonebein  and  Ogier  proved  \hi*.    Ogier  fomid  that  ut  ih^  ozone  immediately 
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tions  as  a  hydrate,  HIO3,  which  loses  water  at  170°,  and  gives  an 
anhydride,  IjOg.  Both  these  substances  are  crystalline  (sp.  gr.  IjOj 
5-037,  HIO3  4*869  at  0°),  colourless,  soluble  in  water, ®^  decompose  at  a 
red  heat  into  iodine  and  oxygen,  are  in  many  cases  powerfully  oxidising— 
for  instance,  they  oxidise  sulphurous  anhydride,  hydrogen  sulphide,  car- 
bonic oxide,  &c. — form  chloride  of  iodine  and  water  with  hydrochloric 
acid,  and  with  bases  form  salts,  not  only  normal  MIO3,  but  also 
acid,  for  example,  KIO3HIO3,  KIO32HIO3.  With  hydriodic  acid 
iodic  acid  immediately  reacts,  disengaging  iodine,  HIO3  -}-  5HI  = 
3H2O  +  31.2. 

As  with  chlorine,  so  with  iodine,  a  periodic  axiid,  HIO4,  is  formed. 
This  acid  is  produced,  as  its  salts,  by  the  action  of  chlorine  on  alkaline 
solutions  of  iodates,  and  also  by  the  action  of  iodine  on  chloric  acid.** 

oxidises  iodine  vapour,  first  forming  the  oxide  I.2O3,  which  is  decomposed  by  water  or  on 
heating  into  iodic  anhydride  and  iodine.  Iodic  acid  is  formed  at  the  positive  pole» 
(Biche)  when  a  solution  of  hydriodic  acid  is  decomposed  by  a  galvanic  current.  It  i> 
also  formed  in  the  combustion  of  hydrogen  mixed  with  a  small  quantity  of  hydriodic  acid 
(Salet). 

85  Kttmmerer  showed  that  a  solution  of  sp.  gr.  2127  at  14°,  containing  2HIO3,9H20, 
entirely  solidified  in  the  cold.  On  comparing  solutions  HI  +  WH2O  with  HIO3  +  /MH2O, 
we  find  that  the  specific  gravity  increases  but  the  volume  decreases  (it  is  the  same  in 
their  passage  to  solutions  HIO5  +  ///H2O),  whilst  in  the  passage  of  solutions  HCl-rwRjO 
to  HCIO5  +  vi^,0  the  8i)ecific  gravity  augments,  and  so  does  the  volume,  which  is  re- 
marked al80  in  certain  otlier  ciises  (for  example,  H5PO5  and  H-PO,).  Observations  on  thf 
specific  volume  of  solution  of  iodic  and  periodic  acids  were  made  by  Thonisen  at  17^  17'. 
He  expresses  for  HIOr  +  ///H.p  by  iMm +  3!)l-l;Jl7»  (m  +  18),  and  for  HsIO^j  - //;  R,0 
by  lHm  +  '23\S,  whicli  shows  the  absence  of  contraction  in  mixing  these  acids  with  water 
(see  MendeleefT,  Invest i(;<itlo)i  of  Aqueous  Solutions,  p.  868). 

^  If  sodium  iodate  be  mixed  with  a  solution  of  sodium  hydroxidp,  heated,  andchlorinf 
be  passed  througli  the  solution,  then  a  sparingly  soluble  salt  separates  out,  which  corre- 
sponds with  periodic  acid,  and  lias  the  composition  Na,IjO[>,3lI.:0. 

OXaHO  +  2NaI0- +  4C1  -4NaCl  +  Na,I  .Oc)  +  aH..O. 

This  compound  is  sparingly  soluble  in  water,  but  easily  dissolves  in  a  very  dilute 
solution  of  nitric  acid.  If  silver  nitrate  be  added  to  this  solution  a  precij^itato  is  formed 
which  contains  the  corresponding  compound  of  silver,  AgiloOp.JJHoO.  If  this  sparingly 
soluble  silver  compound  be  dissolved  in  hot  nitric  acid,  then,  on  evaporating,  oran^je 
crj'stals  of  a  salt  having  the  composition  AglO.j  separate.  This  salt  is  formed  from  tlie 
preceding  by  the  nitric  acid  takmg  up  silver  oxide.  AgjIjOp  4-  2HXO5  =  SAgXCV 
+  2AgIO.t4- HjO  is  decomposed  by  water,  with  the  re-formation  of  the  preceding  sail, 
while  iodic  acid  remains  in  solution — 

4AgIO,  +  H.,.0-AgiI.09-  2HI0,. 

The  structure  of  the  first  of  these  salts,  NaiI_.09,3HoO,  presents  itself  in  a  simpler 
form  if  the  water  of  crystallisation  is  regarded  as  an  integral  portion  of  the  sa.lt  ;  the 
formula  is  then  divided  in  two,  and  takes  the  form  of  IOlOH).-;(ONa).> — that  is,  it  answer« 
to  the  type  IOX5,  or  IX7  (like  AglO,)  which  is  lO.-(OAg).  Thejl composition  of  all  the 
salts  of  periodic  acids  are  expressed  by  this  type  IX7.  Kimmins  (1889)  cltvi»ses  all 
the  salts  of  periodic  acid  into  four  types — the  meta-saltsof  HIO4  (salts  of  Ag,  Cu,  Pb). 
the  meso-salts  of  H.JO;,  ( Pb,  Ag,.,  H,  Cd,  H),  the  para-salts  of  H5IO6  (Xa...H-,  Xa-H,,\  and 
the  di-salts  of  H,I,.0;,  (K.,,  Agj,  Xi,).  The  three  first  are  direct  compounds  of  the  tv]^ 
1X7,  namely,  lO^lOH),  IO.,(OH)-,  and  IO(OH)5,  and  the  latter  are  types  of  dii>eriodie 
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It  eryatalUsps  from  solutions  as  a  hydrate  containing  2H-,0  (corre- 
sponding with  HCI<>4,2HvjO),  but  as  there  are  salts  containing  up  to  5 
atoms  of  metals,  tbis  water  must  \ye  counted  as  water  of  constitutian. 
Therefore  T()(OH)^^  :^  HIOj/JH.^O  corresponds  with  the  higher  form 
of  halogen  compounds,  IX  7,*''  In  decomposing  (at  200^)  or  acting  as  an 
oxidiser,  periodic  acid  tirst  gives  iotlic  acirl,  but  it  may  also  be  ultimately 
decomposed,  with  the  formation  of  hydriodic  acid. 

Thus  both  bromine  and  iodine  present  a  great  analogy  to  chlorine 
in  their  behaviour  witli  various  sub.^tances,  but  nevertheless  a  series  of 
qualitative  distinctions  characterisp  fach  element.  The  formation  of  a 
compound  between  chlorine  and  iodine  must  be  classed  among  these 
distinctions.***  These  elements  combine  directly  together  with  the 
evolution  of  heat,  and  form  iodhw  monoddoride^  ICl,  or  iodhts  tri- 
ehloride,  ICl.-j.'*^     As  water  reacts  on  these  substances,  forming  iodic 


Mite,  which  correepond  vriih  the  type  of  th<»  meAO-ftntta,  as  pyrophoaphoric  tioltii  corre- 
spcmd  with  orthopho«phoric  wiHh — i,e.  aH^lOa  — H20  =  H4l,Oj>» 

^  Periodic  acid,  discovered  by  Magna h  and  AmrnemitiUdrf  and  whose  ealtB  wera 
afterwards  atudied  by  Langloii,  RammeUberg,  iiutl  many  others,  preiienta  an  example  of 
bydratee  m  wbi(;h  it  i«  evident  timt  there  h  not  that  distinction  between  the  water  of 
bydration  and  ot  cryatalliiiation  which  was  at  fimt  conHidered  to  be  so  olear.  In  HCl0.aHgO 
ibe  wat«r,  2H^O,  in  not  di (^plated  by  basalt  and  oiuat  be  regurded  m  water  of  crytttallisa- 
iian^  wbibt  in  HIOjj^H.jO  it  must  be  regarded  as  water  of  hydration.  We  ehall  after- 
WKrdft  oee  that  ihe  system  of  the  elements  obliges  one  to  consider  the  luiiogena  ag 
mbeiAnoea  giving  a  higheiit  siiiline  type,  OXj^  if  G  ftignify  a  halogen,  and  X  oxygen 
(O  — X3)»  OH,  and  other  like  elements.  The  hj'drote  TO1OHI5  corrt+tiponding  with  many 
of  the  «altii  of  periodic  iicid  (for  exainple,  thp  RultR  of  bariiun,  strontium,  mercury)  does 
not  exluiuttt  all  the  possible  forma.  It  Ia  evident  thnt  various  other  p3rro-,  maia-,  itc,  forms* 
are  possible  by  the  losB  of  water,  as  will  be  more  f  uUy  explained  in  speaking  of  phosphoric 
acid,  and  aa  was  ptniited  out  in  the  preceding  note. 

**  Witlj  respect  to  hvdrogeu,  oxygen,  eiiJorine,  and  other  elemente,  bromine  occupies 
an  intermediate  piHiitioii  between  chlorine  and  l^xline^  and  therefore  there  ia  no  particular 
need  for  lingering  over  the  compounds  of  bromine.  Thi&  ia  tlie  great  advantage  of  a  natural 
grouping  of  the  elements. 

^  TJiey  were  both  obtained  by  G«y-Lussac  and  many  others.  Recent  verified  data 
respecting  iodine  monoehloride,  ICl,  entirely  contiim  the  nnmeroua  obaervations  of  Trapp 
(1894),  and  even  confirm  hin  statement  as  to  the  eitii*tence  of  two  iaomerie  (liquid  and 
crystalline)  fonm*  (Stortenbeker).  With  a  smaU  ezceas  of  iodine,  iodine  monochloride 
rDmaina  liquid,  but  in  the  presence  of  traces  of  iodine  tricldoride  it  easily  crystiLUiaea. 
SchUisenberger  amphfied  the  data  concerning  the  action  of  water  on  the  chlorides  (Note  <J8) 
and  Chriatomanos  gave  the  fnlhi«it  datA  regarding  the  trichloride. 

After  being  kept  for  Home  time,  the  hquid  monochloride  of  iodine  yields  red  deliques- 
cent octahedra,  having  the  composition  iCli,  which  are  therefore  formed  from  the  mono- 
chlonde  with  the  liberation  of  free  iodine,  which  dlMsoh^iH  in  the  remaining  quantity  of  the 
TDonoehloridf.  Thin  nubstance,  however,  judging  by  certain  obnervatiouH,  isi  irnpm^  iodine 
iriuhtonde.  If  1  part  of  io<line  be  utirred  up  in  90  parts  of  water,  and  chlorine  be  patii*<l 
through  the  liquid,  tbf^u  nil  the  iodine  in  diaaolved,  and  a  coIourlesH  liquid  is  ultimately 
obtained  whith  containw  a  cerbtin  prnportion  of  ehlorinej  because  thiti  compound  gives  a 
metalhc  chloride  and  iuthit'e  with  alkalig  without  evolving  any  free  iodine:  IClj  +  (JKHO 
={>KCl-hKI0j  +  ttH20.  The  existence  of  a  pcmtaehlonde  ICI5  is,  however,  denied, 
because  this  snhslance  has  not  been  ohtidned  in  a  free  state. 
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add  and  iodine,  they  have  to  be  prepared  from  dry  iodine  and  chlorine." 
Both  substances  are  formed  in  a  number  of  reactions  ;  for  example,  hj 
the  action  of  aqua  regia  on  iodine,  of  chlorine  on  hydriodic  acid,  of 
hydrochloric  acid  on  periodic  acid,  of  iodine  on  potassium  chlorate 
(with  tlie  aid  of  heat,  &c,).  Trapp  obtained  iodine  monochloride,  in 
beautiful  red  crystals,  by  passing  a  rapid  current  of  chlorine  into  molten 
iodine.  The  monochloride  then  distils  over  and  solidifies  ;  it  melts  at 
27^.  By  passing  chlorine  over  the  crystals  of  the  monochloride,  it  is 
easy  to  obtain  iodine  trichloride  in  orange  crystals,  which  melt  at  34"^ 
and  volatilise  at  47°,  but  in  so  doing  decompose  (into  CI3  and  ClI). 
The  chemical  properties  of  these  chlorides  entirely  correspond  with  the 
properties  of  chlorine  and  iodine,  which  would  be  expected,  because,  in 
this  instance,  a  combination  by  similitude  took  place  as  in  the  forma- 
tion of  solutions  or  alloys.  Thus,  for  instance,  the  unsatui-ated  hydro- 
carbons (for  example,  C3H4),  which  are  capable  of  directly  combining 
with  chlorine  and  iodine,  also  directly  combine  with  iodine  monochloride. 

Stortenbeker  (1888)  investigated  the  eqailibrimn  of  the  Bystem  containing  the  mole- 
cnles  I3,  ICl,  ICI5,  and  CI3,  in  the  same  way  that  Roozeboom  (Cliapter  X.  Note  88)  ezamincd 
the  eqnilibrinm  of  the  molecnles  HCl,  HCl,2Ii|0,  and  H3O.  He  found  that  iodine 
monochloride  appears  in  two  states,  one  (the  ordinary)  is  stable  and  melts  at  27*3^  whiUt 
the  other  is  obtained  by  rapid  cooling,  and  melts  at  IS'O*^,  and  easily  passes  into  the 
first  form.  lodino  trichloride  melts  at  101°  only  in  a  cloHed  tuh«  under  a  prensun*  of  IC 
atmoHpheres. 

^  By  the  action  of  water  on  iodine  uionochloride  and  trichloride  a  compound  IHCl. 
is  obtained,  which  docH  not  seem  to  be  altore<l  by  wat^r.  Besides  this  comi)oun<l,  iodim- 
and  io<lic  acid  are  always  fonneil,  lOlCl  +  3H,,0  --  H 10.-, -r  r>inC'l.j  +  2l.^ ;  and  in  this  rosiiect 
iodine  trichloride  may  be  rej^arded  as  a  mixture  iC'l-r  KMs-'ilC'l-,  but  ICI5  j-:JH.,.0= 
IHO3  +  5HCI;  hence  iodic  acid,  iodine,  the  comiwund  IHC1.>,  and  hydrochloric  >uid  are 
also  formed  by  the  action  of  water. 
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CHAPTER  XII 

SODIUM 

When  common  salt  is  submitted  tt:)  the  action  of  sulphuric  acid,  as  we 
saw  in  Chapter  X.,  hydrochloric  acid  is  disengaged,  and  a  neutral  salt, 
sodium  sulphate,  NaaSO.,,  is  formed  if  the  mixture  be  strongly  heated 
at  the  end  of  the  reaction.  This  salt'  forms  a  colourless  saline  mass 
consisting  of  fine  crystals,  soluble  in  water.  It  is  the  product  of  many 
other  double  decompositions,  sometimes  produced  on  a  large  scale  ;  for 
instance,  it  is  formed  when  ammonium  sulphate  is  heated  with  common 
salt,  in  which  case  the  sal-ammoniac  is  volatilised,  also  when  sulphuric 
acid  acts  on  sodium  nitrate,  tibc.  A  similar  decomposition  also  takes 
place  when,  for  instance,  a  mixture  of  lead  sulphate  and  common  salt 
is  heated  ;  this  mixture  easily  fuses,  and  if  the  temperature  be  further 
raised  heavy  vapours  of  lead  chloride  appear.  When  the  disengagement 
of  these  vapours  ceases,  the  remaining  mass,  on  being  treated  with 
water,  yields  a  solution  of  sodium  sulphate  mixed  with  a  solution  of 
undecomposed  common  salt.  A  considerable  quantity,  however,  of  the 
lead  sulphate  remains  unchanged  during  this  reaction,  PbS04  +  2NaCl 
=  PbClg  -f  Na^jSO^,  the  vapours  will  contain  lead  chloride,  and  the 
residue  will  contain  the  mixture  of  the  three  remaining  salts.  Here 
the  decomposition  is  produced  by  the  lead  salt  as  with  sulphuric 
acid.  The  cause  and  nature  of  the  reaction  are  just  the  same  as  were 
pointed  out  when  considering  Berthollet's  doctrine.  And  here  it  may 
evidently  be  shown  that  the  double  decomposition  is  not  determined 
by  any  other  means  than  the  removal  of  the  substance  formed  from 
the  sphere  of  the  action  of  the  remaining  substances.      This  is  seen 

'  Whilst  describing  in  some  detail  the  properties  of  sodium  chloride,  hydrochloric 
acid,  and  sodium  sulphate,  I  wish  to  impart  a  conception,  by  separate  examples,  of 
the  properties  of  saline  substances,  but  the  dimensions  of  this  treatise  and  its  purpose 
and  aim  do  not  pennit  the  possibility  of  entering  into  particulars  concerning  every 
salt,  acid,  or  other  substance.  The  fundamental  object  of  this  work — an  account  of 
the  characteristics  of  the  elements  and  an  acquaintance  with  the  forces  acting  between 
atoms — has  nothing  to  gain  from  the  multiplication  of  the  number  of  as  yet  ungeneralised 
properties  and  relations. 
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from  the  fact  that  sodium  sulphate,  on  being  dissolved  in  -water  and 
mixed  with  a  solution  of  any  lead  salt  (and  even  with  a  solution  of  lead 
chloride,  although  this  latter  is  but  sparingly  soluble  in  water),  imme- 
diately gives  a  white  precipitate  of  lead  sulphate.  In  this  case  the 
lead  takes  up  the  elements  of  sulphuric  acid  from  the  sodium  sulphate 
in  the  solutions.  On  heating,  the  reverse  phenomenon  is  observed. 
The  contrary  reaction  in  the  solution  is  founded  on  the  insolubility  of 
the  lead  sulphate,  and  the  phenomenon  which  takes  place  on  heating  is 
founded  on  the  volatility  of  the  lead  chloride.  Let  us  cite  other  ex- 
amples of  double  decompositions  in  solutions  giving  sodium  sulphate. 
Silver  sulphate,  Ag2S04,  when  treated  with  common  salt,  gives  silver 
chloride,  because  it  is  insoluble  in  water,  Ag2S04  +  2NaCl  =  Na2S04 
4-  2AgCl.  Sodium  carbonate,  mixed  in  solution  with  sulphates  of 
iron,  copper,  manganese,  magnesium,  &c.,  gives  in  solution  sodium 
sulphate,  and  in  the  precipitate  a  carbonate  of  the  corresponding  metal, 
because  these  salts  of  carbonic  acid  are  insoluble  in  water ;  for  instance, 
MgS04  +  NajCOg  =  Na2S04  +  MgCOg.  In  precisely  the  same  way 
sodium  hydroxide  acts  on  solutions  of  the  majority  of  the  salts  of 
sulphuric  acid  containing  metals,  the  hydroxides  of  which  are  insoluble 
in  water— for  instance,  CUSO4  +  2NaH0  =  Cu(H0)2  +  Na2S04. 
Sulphates  of  magnesium,  aluminum,  iron,  <tc.,  on  being  mixed  in 
solution  with  common  salt,  ought  to  form  chlorides  of  magnesium, 
aluminium,  ttc,  and  sodium  sulphate,  as  the  above-mentioned  chlorides 
are  more  soluble  in  water  than  sodium  sulphate.  On  cooling  the 
mixture  of  such  (concentrated)  solutions  sodium  sulphate  is  deposited. 
This  is  made  use  of  for  preparing  it  on  the  large  scale  in  works  where 
sea  water  is  treated.  In  a  similar  way  sodium  sulphate  is  prepared  by 
the  aid  of  the  magnesium  sulphate  which  is  found  in  large  quantities 
in  Stassfurt  in  the  seams  of  common  salt.  In  this  case,  on  cooling, 
the  reaction  2]SraCl  +  MgS04  =  MgCl,,  +  Na.^S04  takes  place. 

Thus  where  sulphates  and  salts  of  sodium  are  in  contact,  it  may 
always  be  expected  that  sodium  sulphate  will  be  formed  and  sepa- 
rated if  the  conditions  are  favourable  ;  for  this  reason  it  is  not  sur- 
prising to  often  find  sodium  sulphate  in  the  native  state.  Some  of  the 
springs  and  salt  lakes  in  the  steppes  beyond  the  Volga,  and  in  the 
Caucasus,  contain  a  considerable  quantity  of  sodium  sulphate,  and  yield 
it  by  simple  evaporation  of  the  solutions.  Beds  of  this  salt  are  also 
met  with  ;  thus  at  a  depth  of  only  5  feet,  about  38  versts  to  the 
east  of  Titlis,  at  the  foot  of  the  i-ange  of  the  *  Wolf 's  mane '  ( Voltchia 
griva)  mountains,  a  deep  stratum  of  very  pure  Glauber's  salt, 
NaSO4,10H.^O,  has    been  found. '-^      A  layer  two  metres  thick   of  the 

^  Anhydrous  (heated)  sodium  sulphate,  Na>S04,  in  trade  is  known  as  *  sulpliate '  or 
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same  salt  lies  at  the  lx)ttom  of  several  lakes  (an  area  of  about  10 
square  kilometres)  in  the  Kouban  district  near  Batalpaschinsk,  and 
here  its  working  has  been  commenced  (1887).  In  Spain,  near  Aran- 
goulz  and  Madrid,  mineral  sodium  sulphate  has  likewise  been  found, 
and  is  already  being  worked. 

The  methods  of  obtaining  salts  by  means  of  double  decomposition 
from  others  already  prepared  are  so  general,  that  in  describing  a  given 
salt  there  is  no  necessity  to  enumerate  the  cases  hitherto  observed  of 
its  being  formed  through  various  double  decompositions.'  The  possi- 
bility of  this  occurrence  ought  to  be  foreseen  according  to  Berthollet's 
doctrine  from  the  properties  of  the  salt  in  question.  On  this  account 
it  is  important  to  know  the  properties  of  salts  ;  all  the  more  so  because 
up  to  the  present  time  those  very  properties  (solubility,  formation  of 
crystallo-hydrates,  volatility,  &c.)  which  may  be  made  use  of  for  sepa- 
rating them  from  other  salts  have  not  been  generalised.*  These  pro- 
perties as  yet  remain  subjects  for  investigation,  and  are  rarely  to  be 
foreseen. 

Sodium  sulphate  very  easily  parts  with  water,  and  may  be  obtained 
in  an  anhydrous  state  if  it  be  carefully  heated  until  the  weight  re- 
mains constant ;  but  if  heated  further,  it  partly  loses  the  elements  of 
sulphuric  anhydride.  It  fuses  at  86P  (red  heat),  and  volatilises  in  a 
small  proportion  when  very  strongly  heated,  in  which  case  it  naturally 
decomposes.  At  0**  in  100  parts  of  water,  5  parts  of  the  anhydrous 
salt  dissolve,  at  10°  9  parts,  at  20°  19-4,  at  30°  40,  and  at  34°  55  parts, 
the  same  being  the  case  in  the  presence  of  an  excess  of  crystals  of 
Na2SO4,10H2O.^     At  34°  the  latter  fuses,  and  the  solubility  decreases 

salt-cake,  in  mineralogy  thenardite.  Crystalline  decahydrated  salt  is  termed  in  mine- 
ralogy mirahilite.  On  fusing  it,  the  monohydrate  Na2S04H<20  is  obtained,  togetlier 
with  a  Bupersaturated  solution. 

^  The  salts  may  be  obtained  not  only  by  methods  of  substitution  of  various  kinds,  but 
also  by  many  other  combinations.  Thus  sodium  sulphate  may  be  formed  from  sodium 
oxide,  and  sulphuric  anhydride  by  oxidising  sodium  sulphide,  NajS,  sodium  sulphite, 
Na2S0.-,  d'c.  When  sodium  chloride  is  heated  in  a  mixture  of  the  vapours  of  water,  air, 
and  sulphuric  anhydride,  sodium  sulphate  is  formed. 

^  Many  observations  have  been  made,  but  little  general  information  has  been  extracted 
from  particular  cases.  In  addition  to  which,  the  properties  of  a  given  salt  arc  changed 
by  the  presence  of  other  salts.  This  takes  place  not  only  in  virtue  of  mutual  decomposi- 
tion or  formation  of  double  salts  capable  of  separate  existence,  but  is  determined  by  the 
influence  which  some  salts  exert  on  others,  or  by  forces  similar  to  those  which  act  during 
decomiK>Hition.  Here,  nothing  has  been  generalised  to  that  extent  which  would  render 
it  possible  to  foretell  uninvestigated  examples.  Let  us  state  one  of  these  numerous 
cases  :  100  parts  of  water  at  20  dissolve  34  parts  of  potassium  nitrate,  but  on  the  addition 
of  sodium  nitrate  the  solubility  of  potassium  nitrate  increases  to  48  parts  in  100  of  water 
(Canielley  and  Thomson).  In  general,  in  all  cases  of  which  there  are  accurate  observa- 
tions, it  appears  that  the  presence  of  foreign  salts  changes  the  property  of  any  given 
salt. 

^  Tlie  information  concerning  solubility  (Chapter  I.  p.  11)  is  given  according  to  the 
determinations  of  Oay-Lussac,  Lovell,  and  Mulder. 
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at  higher  temperatures.^    A  concentrated  sohition  at  34"^  has  a  comf 
tion  nearly  approaching  to  Na^^SO^  -f  HH-jO,  aacl  the  decabjdrated 
salt,   when   mixed    with    100   parts   of  wat^r,    cont^iins    78*9    of 
anhydrous  salt,  fi*om  whence  it  is  seen   that  the  deca by d rated 
cannot  fuse  without  decomposing,^  similarly  to  hydra t-e  of  chlorin 
Cl^j^H./),  or  sulphurous  acid,  80.>,7H.>0,      Not  only  the  fused  de 
hydrated  salt,  but  also  the  concentrated  solution  at  34"^  {nut  all  at  one 
but  gradually),  yields  the  monohyd rated  salt  NajSO^,H,0.     Tlie  hept 
hydrated  salt,  Nai^SO^jTH-jO,  also  sp^lits  up»  even  at  low  temperatxir 
with  the  fornmtion  of  this  man ohyd rated  salt,  and  therefore  from  3i 
the  solubility  can  be  given  only  for  the  latter,  and  it  is  as  follows  : 
100  parts  of  water  :  at  40°  48-S,  at  50°  467,  at  SO^  43-7,  at  lOO^  42«( 
parts  of  the  anhydrous  salt.     If  the  decahydratef}  salt  be  fusetl,  an 
the  solution  be  allowed  to  cool  in  tlie  presenile  ot  the  monohydrat 
fiiilt,  then  at  30^*  50'4  parts  of  anhydrous  salt  are  j^tained  in   the  sold 
tion,  and  at  20°  f>2'8  parts.     Hence,  with  respect  to  the  ardiycln^us  i 
monohydrated  Sidts,  the  solubility  is  one  and  the  same,  and  fails  with 


f  In  Cluipter  I.  Note  2i,  we  have  already  seen  that  with  many  other   8ulpU»t«i« 
solubility  oIbo  deoreiiftes  after  a  certain  temiMTatnre.     Gypsum,  CaS0^,9H^O«  \\me, 
meuny  othttr  componndi^  preB«*nt  nuch  a  phenomenon,  not  as  yet,  however*  tbi>rotig] 
inveHtiguted,     The  obiservation  of  Tilden  and  JShenstone  (1H84)  iti  most  iiistrtii-live, 
EkhowB  thiit   on   raising  tlit^   temperature  (in   closed  veaaeii)  above  140'^  tb«9  solabtl 
of  Bodimn  Kulphiite  again  be^n&  io  increase.     At  KM)-",  100  parts  of  water  dissolve 
43  iMytB  of  anhydjotiB  Bilk,  Ht  IRV'42   ptut^,  at  1«€''  48  parts,  at  18ti'    44   piu-ts,  aI 
40  p«irta.  It  i^  evident  that  the  i>henomennn  of  Htttaration,  determined  by  the  presence 
ftDeXceat  of  the  diatwlved  KtibstAnce,  h  very  i:xnn|dex^  and^  therefore,  for  tlie  Iheorr  af  soIa- 
tiona  ootisiidcred  a»  lifjuid  indefinite  chemieaJ  compouiidw,  many  useful  results  ciui  hiirilU 
he  given;  more  e«j>eciaUy  hh  the  pliYBico-niechanieid  side  of  the  tranHition  of  lh»'   -I   i 
into  the  Hfjuid  condition  (or  tlie  riti\  enw:')  is  up  to  the  preKenl  time  less  elttarly  iuider*J 
in  theory  than  the  traositiirtn  of  a  liquid  into  vufKjnr. 

^  As  has  been  referred  to  in  Cluipler  1.  Note  ^ti. 

The  exanipk*  of  f«tHlium  Hnlphnie  w  historieiilly  very  imivurttint  for  the  theory  of 
tionB.  Notwiihatanding  the  inuKS  of  inveMti[<;HtionH  uhich  have  been  made,  it  is 
biHiifficienUy  Htuditid^  especially  from  the  point  of  the  vapour  tension  of  fioluiioiiA 
cryetallodiydrateH,  ho  that  thowe  procetiaeti  cannot  be  applied  to  it  which  Cialdl  _ 
RoftztjbooTOt  Van't  HofT,  and  others  applied  to  t^ohitiong  and  cryBtiillo-hydrate-i.  It  wDidd 
aliMi  be  muHt  imjunrtant  to  invi^titjgute  the  influence  of  preMsoreon  the  various  |>lietionieJM 
correnpon  ding  with  the  Lombin  at  ions*  of  v%at«r  and  Hodium  sulphate,  heeauEte  when  ciystikU 
are  «epariited — for  iiiHtaiK^e,  in  the  decahydrnted  Hult — lUi  increaM}  of  volume  tiiJciM  yAiucv, 
AH  c«.n  be  Been  from  the  followin|T^  data: — the  Kp,  ^.  of  the  atihydrou^  eult  it  2-rttt, 
of  the  deeahyd  rated  wnlt  =  I'll!,  but  the  sp.  gr.  of  mdutiouM  at  15^/4°  =  9U92 -h  tJOSp -*  0 
i!  p  reproBeotH  the  perrenta|fe  of  anhvdronH  wdt  in  the  jwdntion,  and  if  the  s|>.  gr. 
Water  at  4*^  =  10000.  Hence,  for  solutloiiH  contaiuiiig  2iv  of  anhydrouH  salt,  the  sp.p* 
_=  I'lJ^fl;  therefore  the  volnme  of  100  gramfi  of  this  i^olntion  ^b3*M  c.c,  and  the  volttme 
jknhydroufi  »alt  cont^iined  in  it  is  ecinal  to  *20  2Rf>,  or  =:^7'5  t.c,  and  the  volamo  «f 
=  80*1  c,e.  Hierefore,  the  itwilution,  tm  deLompoHing  into  anhy<lrou8  salt  luid 
increaseh  in  %'olnme  (from  WJ'H  toHT'B) ;  hut  in  the  »&me  way  83"Wc,c.  of  20p,c,  »ulutiati 

formed  from  (45'4  l'4(i  = )  dVl  e.e.  of  the  decoliydrated  A&lt,  ftnd  54*0  c,c.  of  water thai 

io  Bay,  thutduring  the  formation  of  a  «M:}lution  from  85*7  c.c.^  8a'8c^.  are  fonoed. 
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the  temperature,  whilst  with  respect  to  decah^^d rated  salt,  the  solubility 
rises  with  the  temperature.  Su  that  if  in  the  presence  of  a  solution  of 
sodium  sulphate  there  be  oiil>^  crystals  of  that  heptahydrat^d  salt 
(p.  r»U)  Na._>80i,7H.^<)  which  is  formed  from  Siiturated  solutions,  then 
satMration  sets  in  when  the  solution  has  the  following  composition  per 
100  parts  of  salt:  at  0"  19 "6,  at  10°  aO'5,  at  20"  ii'7,  and  at  25^ 
52-9  parts  of  aohydrous  salt.  Above  27°  the  heptahyd rated  salt,  like 
the  decahydrated  salt  at  34*^,  splits  up  into  the  monohydrate*!  salt  and 
a  saturated  solution.  Thus  sodium  sulphate  has  thi*ee  curves  of  solu- 
bility :  one  for  Na.SO^jTH/.)  (from  0^  to  26^),  one  for  Na.jSO4,10H./J 
{from  0*^  to  34''),  and  one  for  NaJSO^,H/ *  (a  descending  cur\^e  iM-gin- 
ning  at  26"^),  beciiuse  there  are  three  of  these  c ryst alio  hydrates »  wjiilst 
the  solubility  can  only  Idc  referred  to  a  definite  state  of  a  substance 
whicli  is  present  (or  separtited)  in  excess.* 

Thus  solutions  of  sodium  sulphate  give  crystallo-hydrates  of  three 
kinds  on  cooling  the  saturated  solution  :  the  unstable  equilibrium  of 
the  heptahydrated  salt  at  temperatures  below  2t>°,  the  decahydrated 
salt  forms  under  ordinary  conditions  at  temperatures  below  34^,  and 
the  monohydrated  salt  at  temperatures  abo^e  34^.  Both  the  latter 
cryst-allo-hydmtes  present  a  st'ible  state  of  equilibrium,  and  the  hepta- 
hydrated salt  decomposes  into  them^  prolmbly  accoitling  to  the  equa- 
tion 3Na28O4JHaO  =  2Na,SO„10H2(> -h  NajHO^,H/J.  The  ordi- 
nary decahydi-ated  salt  is  called  Glaubers  ^mlt*  All  forms  of  these 
crystfillo-hydrates  entirely  lose  their  water,  and  give  the  anhydrous  salt 
when  dried  over  sulphuric  acid.^ 

Sodium  sulphate,  Na^SO^,  enters  into  only  a  few  retictions  of  com- 
bination with  other  salts,  and  chietly  with  salts  of  the  same  acid, 
forming  double  sulphates.     Thus,  for  exAmple,  if  a  solution  of  sodium 

^  From  this  esftmple  it  U  evident  thut  thti  plienomenA  of  ftAtur&tion  arc  not  able 
to  contrth^tc  much  towards  the  trnderstiLndinir  of  NotutionH  lliem selves.  The  tirjlotion 
remiuiis  the  same*,  but  from  the  contact  of  a  fioliti  it  becomes  eitlier  saturated  or  ttuper- 
witumted,  bec(iu«c  cryBUUintttJon  i&  det«rniint»d  by  the  uttriic'tion  to  a,  fM)Iid»  Att  the 
phenoiuenaa  of  ^opcrHAturiitioa  clearly  demonstrAtei*, 

*  According  to  the  demon strtttions  of  Pickering  |1H841),  the  molecalAr  weight  in  granjN 
(Umt  ift.  14*1  gramf»)  of  mihydmui^  «odiiim  sulphate,  on  being  dii»K<)lvf<d  in  a  lar^ffe  nuuft  of 
wftter.  lit  0^  Abaorbfi  (therefore  the  —  eigul  —1100  lieai  unitn,  at  10  -700,  atl5-  — 27S»&t 
ao^  (give*  out t  ^25^at25°. +300caloriefi.  For  the  detaOiydrated  salt  X%SO4.10ll|O, 
5^  -  4236, 10-  - 4000,  IS^-UTO, acP-8100, 35^  -  4775,  Hence  (jast  m  in  Chjipter  I.  Note  50) 
the  heal  of  the  c«mbin»tion  NftaSO|a0H*O  at  5^  =  +ina5,  10^  =  t8350,  2(P=  -1-8300 
and  25<>  =  -^  aO50. 

It  is  evident  that  the  decahydrated  iMiit  diftaolving  in  water  ^ret  a  dfioreaaoof  tcmpa- 
ralore.  Solnt)on«  m  hydrochloric  acid  i^ve  a  still  greater  decrease^  becaoae  tbe  water  ti 
erTSlaUiftation  is  here  taken  in  a  BoUd  stale — that  ia,like  ice— and  on  melting  abNorbaheaft. 
A  mixture  of  15  parts  of  XatBO^^IOH^O  and  13  pafts  of  ctroug  hydrochloric  acid  prodncen 
adlHcieiit  cold  to  freeze  water.  Durloif  tlie  Irfsatment  wltti  hydrodiloric  actd  a  oerlajii 
quantity  of  ftodium  chloride  is  formed. 
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sulphate  be  mixed  with  a  solution  of  aluminium,  magnesium,  or  ferrous 
sulphate,  it  gives  crystals  of  a  double  salt  when  evaporated.  Sulphuric 
acid  itself  forms  a  compound  with  sodium  sulphate,  which  is  exactly 
like  these  double  salts.  It  is  formed  with  great  ease  if  sodium  sulphate 
is  dissolved  in  sulphuric  acid  and  the  solution  be  evaporated.  On 
evaporation,  crystals  of  the  acid  salt  separate,  Na2S04  -}-  H2SO4 
=2NaHS04.  This  separates  from  hot  solutions,  whilst  the  crystallo- 
hydrate  NaHS04,H20***  separates  from  cold  solutions.  The  crystals, 
when  exposed  to  damp  air,  split  up  into  H2SO4,  which  deliquesces,  and 
Na2S04  (Graham,  Rose) ;  alcohol  also  extracts  sulphuric  acid  from  the 
acid  salt.  This  shows  the  feeble  force  which  holds  the  sulphuric  acid 
to  the  sodium  sulphate.^*  Both  acid  sodium  sulphate  and  all  mixtures 
of  the  normal  salt  and  sulphuric  acid  lose  water  when  heated,  and  are 
converted  into  sodium  pyrosulphate,  Na2S207,  at  a  low  red  heat.  This 
anhydrous  salt,  at  a  bright  red  heat,  parts  with  the  elements  of 
sulphuric  anhydride,  the  normal  sodium  sulphate  remaining  behind— 
NajSaO-  =  Na2S04  +  SO3.  From  this  it  is  seen  that  the  normal  salt 
is  able  to  combine  with  water,  with  other  sulphates,  and  with  sulphuric 
anhydride  or  acid,  &c.**^ 

Sodium  sulphate  may,  by  double  decomposition,  be  converted  into 
a  sodium  salt  of  any  other  acid,  by  means  of  heat  and  taking  advantage 
of  the  volatility,  or  by  means  of  solution  and  taking  advantage  of  the 
different  degree  of  solubility  of  the  different  salts.  Thus,  for  instance, 
owing  to  the  insolubility  of  barium  sulphate,  sodium  hydroxide  or 
caustic  soda  may  be  prepared  from  sodium  sulphate,  if  barium  hydroxide 
be  added  to  its  solution,  Xa2S04  +  Ba(HO).^  =  BaS04  +  2XaHO.  And 
by  taking  any  salt  of  barium,  BaX.^,  the  corresponding  salt  of  sodium 

^^  The  very  large  and  well- formed  crystals  of  this  salt  resemble  the  hydrate 
HjSOj.HoO,  or  SO(OH),.  In  general  the  replacement  of  hydrogen  by  sodiuui  modifies 
many  of  the  properties  of  acids  less  than  its  replacement  by  other  metals.  This  mcM^t 
probably  depends  on  the  volumes  being  nearly  equal. 

11  in  solution  (Berthelot)  the  acid  salt  in  all  probability  decomposes  most  in  the 
greatest  mass  of  water.  The  specific  gravity  (according  to  the  determinations  of 
Marignac)  of  solutions  at  15^  4^  ^  91»0'2  +  77U'2  j)  ^  0"281  p-  {see  Note  7).  From  these  tigoires, 
and  from  the  specific  gi-avitiesof  sulphuric  acid, it  is  evident  that  on  mixing  solutions  of  this 
acid  and  scxlium  sulphate  exjjansion  will  always  take  place;  for  instance,  H.,S04  —  2r>H,0 
with  NtU2B04  +  25H.jO  increases  from  483  volumes  to  486.  In  addition  to  which,  in  weak 
solutions  heat  is  absorbed,  as  shown  in  Chapter  X.  Note  27.  Nevertheless,  even  more 
acid  salts  may  be  formed.  For  instance,  on  cooling  a  solution  of  1  part  of  scxliuni 
sulphate  in  7  parts  of  sulphuric  acid,  crystals  of  the  composition  NaHSO,.H,SO 
are  separated  (Schultz,  1808).  This  fuses  at  about  100'^ ;  the  ordinary  acid  salt.  NuHSO,. 
at  141)^. 

"''  In  order  to  demonstrate  the  weakness  of  the  bond  acting  in  sodium  hydrogen 
sulphate,  NaHSOj,  it  is  useful  to  remember  that  on  decreasing  the  pressure  this  salt  dis- 
sociates much  more  easily  than  at  the  ordinary  pressure ;  it  loses  water  and  forms  the 
pyrohulphate,  Na-^.S^^)?  ;  this  reaction  is  utilised  ni  chemical  works. 
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may  be  obtained,  Na2S04  -f  BaX^  =  BaS04  +  2NaX.  Barium  sulphate 
thus  formed,  being  a  very  sparingly-soluble  salt,  is  obtained  as  a  pre- 
cipitate, whilst  the  sodium  hydroxide,  or  salt,  KaX,  is  obtained  in 
solution,  because  all  salts  of  sodium  are  soluble.  Berthollet's  doctrine 
permits  all  such  cases  to  be  foreseen. 

The  reactions  of  decomposition  of  sodium  sulphate  are  above  all 
noticeable  by  the  separation  of  oxygen.  Sodium  sulphate  itself  is  very 
stable,  and  it  is  only  at  a  temperature  sufficient  to  melt  iron  that  it  is 
possible  to  separate  the  elements  SO3  from  it,  and  then  only  partially. 
However,  the  oxygen  may  be  separated  from  sodium  sulphate,  as  from 
all  other  sulphates,  by  means  of  many  substances  which  are  able  to 
combine  with  oxygen,  such  as  charcoal  and  sulphur,  but  hydrogen  is 
not  able  to  produce  this  action.  If  sodium  sulphate  be  heated  with 
charcoal,  then  carbonic  oxide  and  anhydride  are  evolved,  and  there  is 
produced,  according  to  the  circumstances,  either  the  lower  oxygen 
compound,  sodium  sulphite,  NajSOj  (for  instance,  in  the  formation 
of  glass) ;  or  else  the  decomposition  proceeds  further  and  sodium 
sulphide,  NajS,  is  formed,  according  to  the  equation  Na2S04  +  2C 
=  2COa  +  Na2S. 

On  the  basis  of  this  reaction  the  greater  part  of  the  sulphate  of 
sodium  prepared  at  chemical  works  is  converted  into  sodu  ash — that  is, 
sodium,  carbonate,  Na2C03,  which  is  used  for  many  purposes.  Tn  the 
form  of  carbonates,  the  metallic  oxides  behave  in  many  cases  just  as 
they  do  in  the  state  of  oxides  or  hydroxides,  owing  to  the  feeble  acid 
properties  of  carbonic  acid.  However,  the  majority  of  the  salts  of 
carbonic  acid  are  insoluble,  whilst  sodium  carbonate  is  one  of  the  few 
soluble  salts  of  this  acid,  and  therefore  reacts  with  facility.  Therefore 
sodium  car])onate  is  employed  for  many  purposes,  in  which  it  acts  owing 
to  its  alkaline  propei-ties.  Thus  sodium  carbonate,  even  under  the  action 
of  feeble  organic  acids,  immediately  parts  with  its  carlx)nic  acid,  and 
gives  a  sodium  salt  of  the  acid  taken.  Furthermore,  its  solutions 
already  exhibit  an  alkaline  reaction  on  litmus,  and  in  many  cases  are 
able  to  act  as  an  alkali.  Thus,  for  instance,  sodium  carbonate,  like  the 
alkalis,  aids  the  piissage  of  certain  organic  substances  (tar,  acids)  into 
solution,  and  is  therefore  used,  like  alkalis  and  soap  (which  also  acts 
by  virtue  of  the  alkali  it  contains),  for  the  removal  of  certain  organic 
substances,  especially  in  bleaching  tissues  in  cotton  and  similar  works. 
Besides  which,  a  considerable  quantity  of  sodium  carlx)nate  is  used 
for  the  preparation  of  sodium  hydroxide  or  caustic  soda,  whicli  has 
also  a  very  wide  application.  In  large  chemical  works  where  S(Klium 
carbonate  is  manufactured  it  is  usual  to  first  manufactui-e  sulphuric 
acid,  and  then  by  its  aid  to  convert  common  salt  into  sorlium  sulphate. 
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and  lastly  to  convert  the  sodium  sulphate  thus  obtained  into  earbol 
nate  and  caustic  soda.    Hence  these  works  prepare  alkaline  substancJ 
(soda  ash  and  caustic  soda)  and  acid  substances  (sulphuric  and  hydro- 
chloric  acids),   those  two  forms  of  chemical  products  which   are  dis- 
tinguished for  the  greatest  energj*  of  their  reactions,  and  which  ar^ 
thei'efore  fi'equently  appHed  to  technical  purposes.      And  therefor*»  thdi 
works  manufacturing  soila  are  generally  culled  chemical  works  (alk 
works). 

The   process  of   the   conversion  of   sodium   sulphate   into  siKliun 
carbonate  consists  in  strongly  heating  a  mixture  of  the  sulphate  with 
chai*coal  and  caknuyi  carbonate.     The  following  relictions    then  t»kt 
place  :  the  sodium  sulphate  is  lii-st  deoxidised  by  the  charcoal,  formij 
sodium  sulphide  and  carbonic  anhydride,  Na^SOi  -f  2C^  Na^S  4-  2C 
The  sodium  sulphide  thus  formwl  then  enters  into  double  decomf 
tion  with  the  calcium  carbonate  taken  and  gives  calcium  sulphide  i 
sodium  carbonate,  Na^S  -f-  CaCO^=  Na-^^CO^  -)-  CaS, 

Besides  which,  under  the  action  of  the  heat,  a  portion  of  the  ex^S 
of  calcium  carboDate  is  decompc^sed  into  lime  and  carlx»nic  anliydnii. 
CaCi)-j=:CaO  +  CO.j,  and  the  carbonic  anhydride  with  the  excess  oi 
charcoal  forms  carbon  monoxide,  winch  towards  the  end  of  the  0{j>eni 
tion  shows  itself  by  the  appearance  of  a  blue  flame.    Thus  from  a  ma^ 
containing  so*liimi  sulphate  we  obt^dii  a  mass  which  includes  sodium^^l 
carbonate,  calcium  sulphide,  ami  calcium  oxide,  but  none  of  the  sodtum  ■ 
sulphide  first  formed,  or,  strictly  speaking,  only  a  small  portion.     Thf 
entire  process,  which  proceeds  at  a  high  tem|>erature,  may  \y&  expres^ 
by  a  combination  of  the  three  above-mentioned  formuhe,  if  it  be  t4ik 
into  consideration  that  the  product  contains  one  equivalent  of  calcic 
oxide   to    two   equivalents   of   calcium  sulphide.''^      The  sum   of  l! 
reactions   may    then    be    expressed    thus  :    2Xa,^S0^  -f-  SCaCO,  -f-  i 
=  2NaaC03  -f  Oat),*2CaS  -f  lOCO.      Indeed,  the  quantities    in 
the  substances  are  mixed  together  at  chemical  works  approacli 
proportion  required  by  this  equation,     Tln3  entire  pix>cess  of  ■ . 
sition  is  eanied  on  in  reverberatory  furnaces,  into  which  a  mixtui^ 
1000  parts  of  sodium  sulphate,  1040  parts  of  calcium  carbonate  (ai 

1*  Ciileium  Bulphid*,  CaS,  like  many  nieUlliL'  tiulpbides  wliifU  ar«  soluble  in  wiitvrj. 
deeompoHed  by  water  ([rngB  AM),  CaS  +  H.jO ^  CaO ^ H^S,  bi!cnus«  hydrogen  »uii>lii(iift| 
a  very  feeble  acid.     If  cakiiuii  Hul|]Liide  be  acted  on  by  a  large  maH»  of  water*  Iw 
be  pr©cipitaU*dt  a  state  of  eriuilibriiim  wiU  be  entered  au,  wlieu  the  f^yt^tem  CftOi 
remtuns  Tanchaiiged .     Lime,  bein^:  the  prcniuft  of  the  aetion  of  water   on  Cft^ii 
thiH  action.      Therefore,   if  in  black  uhIi    the    liiuu    waii    not    in  uxceart,   u,    piu^  af  I 
Hulpbide  L^nnipouxidii  would  be  in  Holution  (uotually  there  ih  bat  very  Uttl<$)»     ta 
manner  in  tlie  niiiiiufaoture  of  fttwliuiu  tarlx^nate   the  eonditioufi  of  «quilit>riiiat  " 
ent>er  into  double  decomik>sitions  bavtj  been  iiutde  u&e  of  {see  above]^  mucj  the  atiu  i»  ! 
form  directly  the  unchangeable  product  CaO,*2CuB.     Tlti*  was  first  negajrdied  m»  m,  mm 
kuioluble  compound,  but  nothiu|r  jtolnts  to  it.8  independent  existence. 
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ftfwhat  porous  limastone),  and  500  parts  of  small  coal  is  charged 
from  alx>ve.  This  mixture  is  lirat  heated  in  the  portion  of  the  furnace 
which  la  furthest  removed  from  the  tire- grate  ;  it  is  then  Ijrought  to  tlie 


r  M,  lieikrth  (»>!  f  the  niixLure  uf 

L  hoti&te,  which  '■*  th«  p*rt  of  the  f k 

^^h  end  of  the  opeiutlaa  tlie  aftmiioaed  nuu^  1»  eliuu'^e<l  into  trucks  t'. 


flre  F, 
At  tljc 


portion  nearest  to  the  fire-grate,  when  it  is  stirred  during  heating. 
The  partially- fused  mass  nhtained  at  the  end  of  the  process  is  cooled, 
and  then  subjected  to  methodical  lixiviation^^  to  extract  the  sodium 


^'  Methodieal  li;riviaiion  ift  the  extmciiotL,  by  me&ns  of  water,  of  u  w>luble  i»u1)Ktiiiice 
frntn  tliti  miiHH  contninitig  it.  It  i&  cnrrirMl  on  so  as  not  to  obtoiJi  weak  nqauous  tsolutioiiAt 
and  in  BUch  a  vto^y  that  the  reMidue  Khali  not  cuiiiain  any  of  the  solable  eabistance.  Thin 
[irobirm  ie  practically  of  great  iiti^K^rtiikiice  m  many  indnstriea.  It  is  roqoirL'd  to  extract 
from  the  maj^ii  all  that  i»  tioluhie  in  water.     This  is  easily  i*iTec ted  iJt  wiit«fr  be  first  [Kiurect 


La*  70.— Apparatut  for  the  metboilicft]  IfjElTlatioti  of  blaolc  mh.  Ans. 
trom  the  pipes  r^  r^  nnd  the  saturated  ilqaid  i»  Umwn  oS  trom  e,  c; 


Wat«r  fflowt  into  the  tatiks 


on  the  maftB ;  Uie  strong  iolntioD  Uiua  obtamed  is  then  deoAiitod^  then  water  U  again 
poured  on,  time  being  allowed  for  it  to  act ;  then  ai?aii)  deoanted,  and  bo  on  until  the 
water  doe^  not  take  up  anything.  But  then  filially  sndi  weak  Boiation«  are  okLaine<i 
Ihat  it  would  he  very  disadranUgeoaf  to  evaporate  them.  Thia  la  avoided  by  pooring 
VOL.    !♦  L  L 
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carbonate,  the  mixture  of  calcium  oxide  aiid  sulphide  forming  the  so- 
called  *soda  waste/'* 


J 


[  m 


the  frcRh  hot  waiter  deatmed  for  the  lixiviatioti,  not  on  the  fr^Hh  mofls,  hat  upon  m 
already  eubjifcted  lo  prepariitory  Hxiviation  hy  mennA  of  wtmk  solationi.  Iti  this  wuy  the 
freah  water  gives  a  weak  Bolutioii.  The  solution  which  is  oht&med  6ows  to  thoce 
parts  of  the  apparatus  wliich  contain  the  fxeuh,  an  yet  uiilixiriated,  nuLaa,  and  thiwiii 
the  latter  parts  the  weak  alkali  formed  in  tlie  other  parts  of  the  appar&itis 
saturated  as  far  aa  possihle  with  thij^  «^luhle  snbstanre.  CTenerally  MTei^  ttit€nx>iuiQ 
eating  TesaeU  are  coQutmcied  (standing  at  the  same  level)  into  which  iu  turn  the 
mii.B8  is  deposited  which  ia  intended  for  lixivititiun ;  the  water  is  poured  itL,  the  aij 
drawn  off,  and  the  lixiviated  ri'sidue  cleared  out.  Tlte  dluatratiou  repreaent«  sucl 
apparatuft,  consif^ting  of  four  t'ommunieating  vei^BelB.  The  water  poured  into  one  of  them 
flow 6  thrijugli  the  two  nearest  tiud  if4^*UG9  from  the  third.  If  the  freiih  masis  be  placed  in 
one  of  these  cases  or  vesseln,  the  stream  of  water  paaRing  throngb  the  apparatus 
directed  in  such  a  manner  a»  to  tinally  \m\ie  from  this  vessi'l  containing  the  fresh 
lixiviated  mass.  The  fre^h  water  h  added  to  the  vessel  containing  the  matter  which 
almost  completely  exhausted.  The  fresh  wat^r  passing  through  this  vesael  is  oonrtji 
by  the  pipe  (syphon  passing  from  helow  the  ftrst  ca»e  to  the  top  of  the  second)  oommai»» 
eating  with  thi^  second  ;  it  finally  pa^iies  (altio  through  a  syiihon  pipe)  into  th<3  oaae  (the 
third)  containing  tlie  fresh  Htuif.  The  wAter  will  extract  all  that  is  soluble  in  the  fin* 
vei^sel,  leaving  only  an  int^oluble  niasti.  Thie  vessel  iti  then  destined  to  be  emptied,  aim) 
refilled  with  fresh  mutter.  The  level  of  the  lit]uids  in  tli*?  various  vesseltij  w^ill  nAturallf 
be  difFereut,  in  consequence  of  the  various  strengths  of  the  solutions  which  they 
tain. 

*•  The  whole  of  the  sulphur  used  in  the  production  of  the  t!«ulphurie  acid  employed 
decomposing  the  common  salt  enters  into  this  residue,     Tliis  residue  carrying  off 
sulphnr  is  the  great  harden  and  expense  of  the  soda  works  which  use  Lebl&nc'ia  moth< 
As  an  instructive  eauunple  from  a  chemical  point  of  view  it  is  worth  while  describing  bei 
one  of  the  various  methods  of  regaining  the  Bulphur  from  the  soda  w&stei 

Kynaston  (18B5)  treats  the  soda  waste  with  a  solution  (sp.  gr.  lill)  of  magnesiuai 
chloride j.    which    disengages    sulphuretted    hydrogen  :     CaS  +  MgClj  -f-  2H3O  =  CaCl 
4-  Mg(OH)j+  HjS.     Sulphurous  anhydride  is  passed  through  the  residue  in  order  to  foi 
the  insoluble  calcium   sulphite  :    CaCi*j  +  Mg(OH)<j  +  S0>  =  CaHOj  +  MgCl^  +  il^O, 
solution  of  magnesitim  chloride  ohtaine^j  is  again  u»ed,  and  the  washed  calcinin  snJphil 
is  brought  into  contact  at  a  low  temperature  with  hydrochloric  acid  (a  weiik  aqiieoi 
solution)  and  hydrogen  sulphide,  i}ie  whule  of  the  stitphor  then  separating : 

CaSOs-faHaS  +  aHCUCaCla  +  SHftO  +  BS.  ~ 

It  18  neceaaary  to  torn  once  more  to  the  lixiviation  of  the  sodium  carbonate  frooal 
moss  formed  in  the  furnace  [nee  a  1 90  Note  25)* 

It  t»u«t  not,  however,  be  tlioaght  tltat  sodium  carbonate  alone  passes  into  the  eolation  [j 
there  is  also  a  good  deal  of  caustic  soda  with  it,  formed  by  tlie  action  on  the  carb<inat4»  < 
aodiumof  the  lime  remaining  from  the  first  process  of  the  action  of  the  charco&l,  mnd  I 
Mre  Also  certain  sodinm  sulphur  compounds  with  which  we  shall  partly  become  mhiiuuh 
hereafter.  The  sodium  carbonate,  therefore,  is  not  obtainetl  in  a  very  pure  state, 
solution  is  subjected  to  evaporation.  The  eva^voniitioti  in  conducted  at  the  expense  of  1 
waste  heat  from  the  soda  fumacest  together  with  tliat  of  the  gases  given  o(L  Thf^^ 
process  in  the  soda  furnaces  in  only  carried  on  at  a  high  teni]i4*rature,  and  therefore  the 
smoke  and  gases  issuing  from  the  furnaces  are  inevitably  very  hot.  If  the  heat  they 
contain  wuh  not  made  use  of  there  would  bo  a  great  waste  of  fuel ;  coneeqaently  in 
immediate  proximity  to  the  soda  fumii^es  there  is  generally  a  series  of  pant  or  evapo^ 
rating  boilern,  under  which  the  gases  from  the  funi^ice  pftss,  and  into  these  the  alkali 
solution  obtained  is  poured.  On  evaporating  the  solution  first  of  all  the  undecomp 
sodintn  sulphate  sep&rabot^t  thevi  the  siCkdium  carbonate  or  soda  crysbalf.    These  < 
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The  above-mentioned  process  for  making  soda  was  discovere*!  in  the 
ye^r  1808  bj  the  Frencli  doctor  Leblaoc,  ami  is  known  as  tlie  Leblanc 
process.  The  particulars  of  this  discovery  are  somewhat  i-einarkable, 
Sodium  carbonate,  having  a  considerable  application  in  industry,  was 
for  a  long  time  prepared  exclusively  from  the  ash  of  marine  plants 
{Chapter  XL  page  4 90).  Even  up  to  the  present  time  tliis  process  is 
carried  on  in  Normandy.  In  France,  where  for  a  long  time  the  manu- 
facture of  large  quantities  of  iM>ap  (so-called  Marseilles  soap)  and  yarioua 
fabrics  required  a  large  amount  of  soda,  the  quantity  prepared  at  the 
coast  was  insufficient  to  meet  the  demand.  For  this  reason  during 
the  wars  at  the  beginning  of  the  century,  when  the  import  of  foreign 
goods  into  France  was  interdicted,  the  want  of  soflium  carbonate  was  felt* 
The  French  Acatlemy  offered  a  prize  for  the  discovery  of  a  profitable 
method  of  preparing  it  from  common  salt,  Leblanc  then  projxtsed  the 
^bove-mentioned  pruoess,  which  is  remarkable  for  its  great  simplicity  J* 

which  sepumle  are  raked  oat  and  placed  on  plank h4^  where  the  liquid  flows  off.  C«afitJO 
floda  reoQUltl  in  the  residue^  and  aUo  any  Bodium  chlondo  wKidi  was  not  cll^e^nlpofted  in 
ihe  foTtigoing  process. 

Part  of  the  sodium  carbonate  ia  cryeUdlised  in  order  to  purify  it  mor*  thoroughly.  In 
order  to  do  this  a  s&tarated  fujlution  ts  left  to  crystallise  at  a  tt^mperaturG  b«low  30"^  iu  a 
turrefit  *»f  Air,  in  order  to  promote  the  reparation  of  the  vapour  of  water.  Then  the  lurge 
trail sinirt^nt  trystak  (efHorettcent  in  air)  of  ^NayCOj^lOHnO  ore  formed  which  have  betin 
HjKjken  of  already  (Chapter  I.)* 

1^  Among  the  drjiwbacka  of  the  Leblanc  prooeaa  are  the  accumolation  of '  soda  woete,* 
juid  the  uni>oatiihiUty  at  the  comparatively  low  price  of  sulphur  (eapeciolly  in  the  form  of 
p]rrit««)  of  finding  a  euitahie  employment  for  it  (liithough  this  waste  con  fumiKli  sulphur 
and  sulphur  compoonds,  for  which  purposes  it  is  iometijneB  treatad),  and  also  the  insuffi- 
cient purity  of  the  sodium  carbonate  for  many  purposes.  The  advantage  of  the  Leblanc 
^rooe«s,  besides  its  simpUcity  and  cheapness^  ore  that  almost  all  adds  having  a  commercial 
value  are  obtained  as  bje>prodticts ;  chlorine  and  bleachiAg  powder  are  produced  with 
Xhe  assistance  of  the  large  ikmotuit  ol  bydroohlorie  acid  which  appears  ae  a  bye-product, 
Jbnd  caustio  soda  is  very  easily  made,  and  Uae  demand  for  it  increases  every  yeaf .  In 
thoae  phuses  where  salt,  pyrites,  charco<wl,  and  limestone  (which  ore  the  materials  required 
ior  soda  works)  are  found  side  by  side — as,  for  Instance,  in  the  Urol  or  Don  ilistricta — all 
conditions  are  favourable  to  the  development  of  the  nuuiufacinre  of  sodium  carbonate  on 
Hii  enormous  scale  [  and  where,  as  in  the  CaDcasas,  sodium  sulphate  occurs  naturally,  the 
I  onditionfi  are  still  more  favocirable.  A  huge  amount,  however,  of  the  Utter  salt,  even 
from  soda  works,  is  used  in  making  glaea.  The  tnout  important  ftoda  worki,  as  regards 
the  (Quantity  of  products  obtained  from  them,  are  the  Engli^ih  works. 

As  au  example  of  the  other  numerouij^  luid  VJirious  metliodB  of  manufacturing  soda 
from  Mxliiini  chloride,  tlie  following  proceHses  nmy  be  mentioned:  Sodium  chloride  is 
<lecomp*i»ed  by  oxide  of  lead,  PbO,  forming  lead  chloride  and  ttodium  oxide,  which,  with  car- 
Ixinic  anhydride,  yicldK  wxlium  carbonate  (Scheele'fi  proceHH).  In  Comu's  method  sodium 
cliloriile  if(  triHited  with  lime,  and  then  exposed  to  the  air,  when  it  yields  a  small  quantity 
of  Bodiam  carbonate.  In  E*  Kopp's  procetis  Hodioju  sulpluftte  (125  part**)  is  mixed  with 
oxide  of  iron  (HO  ports)  and  charcoal  (55  parts),  and  the  mixture  i»  heated  in  reverbe* 
rator>-  fumiu't-a.  Here  a  compound,  XaoKe|Bj,  is  formed,  which  in  insoluble  m  water  and 
aibsorbtt  oxygen  aoid  carbonic  aniiydridet  and  theti  fomis  »odium  tarbonate  and  ferrons 
sulphide',  this  when  roasted  can  give  sulphurous  anhydritle,  wtiich  ift  indU^xwMiJijsjik 
.for  the  manufacture  of  sulphuric  acid,  and  ferric  oxidci  w\ttc\i  \%  a^g^u  w'w^  \tl  S^«k 
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Of  all  other  industrial  prtjcesses  for  manufacturing  sodium  CArbonalq 
tli€^  ammonia  jirocms  is  the  most  worthy  of  mention.*^  In  this  ibd 
vapours  of  ammonia,  and  then  an  excess  of  carbonic  anhydride,  aid 
directly  inti-oducetl  into  a  concentrated  solution  of  sodium  chloride  oi 
order  to  form  the  acid  ammonium  carbonate,  NH^HCOg.  Then,  \m 
means  of  the  double  saline  decomposition  of  this  salt,  sodium  chloridfl 
is  decomposed,  and  in  virtue  of  its  slight  soluhility  acid  BO<iiuia 
carbonate,  KaHCO-j,  is  precipitated  and  ammonium  cidoride,  NH|CI,y 
obtained  in  solution  (with  a  portion  of  sotlium  chloride  and  acid  sodiuial 
carbonate).  Tire  ammonia  is  removed  from  the  solution  by  beating  witkl 
lime  or  magiif^sia,  and  the  pre  ci  pita  tefl  acid  sodium  carbonateisconv^ertJ 
into  the  normal  salt  by  hetiting.    It  is  thus  obtained  in  a  very  purf^  statd 

Sodium  carbonat-e^'^  like  sodium  sulphate^  loses  all  its  water  on 
being  heated,  and  when  anhydrous  fuses  at  a  bright- red  heat  (814^H 
A  small  quantity  of  sodium  carbonate  placed  in  the  loop  of  a  platinaidl 
wire  volatilises  iti  the  be^atof  a  gas  llanie,  and  therefore  in  the  fumacei 
of  glass  works  part  of  the  actda  is  always  tnmsformed  into  the  condition 
of  vapour.  Sodium  carbonate  resembles  sodium  sulphate  in  its  relation 
to  water  J  ^     Here  also  its  greatest  solubility  is  at  the  temperature  ai 

procoBA.  In  Gmnt'B  method  flodium  sulphiLte  i»  trnnttfornied  into  sodiam  Bidphid<\  •fll 
tbe  latti'r  in  decom posed  by  ft  Htreiim  of  cftrbonic  jvnliydridH  and  9t«*«un,  when  bjrdfO(« 
gnlphidt?  ift  diRr^npigfd  iiiifl  tsfvlium  cnrbonute  fornjt>iL  ] 

Sodium  ciirbonate  nmy  likewise  bt?  obUined  from  cryolite  (pftge  184)  ;  Uitr  method 
of  trciiting  thiw.  will  bp  mentioned  under  lUuinininni. 

i"  Tliia  prix^ettH  hre  Note  21)  was  firHt  pointed  ont  by  Tnrt'k,  worked  out  by 
Schloepifip,  and  finally  applied  industriully  by  Solray,  The  first  (1883^  liu-^e  srMi»  worki 
erected  in  Rnsgin  fof  workiii}?^  this  proc'tHs  iirii  on  the  bunks  of  th«  Kumii  iit  Brr«>midr, 
iit*ar  Oufioliftt  aufl  belotii?  to  LubiinofiT.  Bat  RnRHirt,  which  htill  imjiorts  fTnm  abroad  * 
lar)(e  quiiiitity  of  blcttchiiij;  j)Owder  and  ^ixportti  ft  large  M.iiiouiit  of  maAgan«?i!$«;  ore,  jxk 
of  all  requires  works  oarrj'infj  on  tlie  Lebhme  proeesR.  Soch  are  in  course  of  cotw 
tion,  but  this  branch  of  induHtry  iw  nttll  in  emhrye  in  Ruhbia. 

*^  Commercial  Koda  aKli  (ciileined,  anhydrous)  l^  rarely  pure;  the  cryataUiRiyl  i»od«  il 
geuprally  pur*?r.     Tu  order  to  purify  it  further  it  ih  best  to  boil  a  concentratctd  eolation 
ftoda  ftsh  tnitii  twn-thfrds  of  the  liquid  romiiin,  collect  tho  «nda  whitih  settles,  waxli 
wdd  water,  and  theu  shake  up  with  a  strong  solution  of  ammouja,  pour  off  the  re»idQ«» 
and  heat.     T\wn  the  impurities  will  remain  in  the  mother  liquors,  A:c. 

'*  The  refieinbhmee  ia  so  gjeat  that,  notwithstanding  the  difference  m  tli©  molecaliif 
composition  of  Nft-.,SO,|  and  NajCO--.  they  ought  to  be  classed  under  the  tjrp©  (NaO] 
where  R  =  80.j  or  CO.     Many  other  HO<iinm  ftaltn  alfio  contain  10  mob  H  ,0. 

Home  nmnericftl  datii  may  l>e  j^ven  fiir  sodium  carbonate.  The  specific  gravity  of 
ftnhydronp  milt  in  2 -Jh,  that  of  the  deealiydrated  Bfilt  =  l*4«.  Two  varietieti  arts  known 
the  heptahydriib'd  salt  (LTJwel,  M^aripniic,  Ramnndrtb^rg^,  which  are  formed  togelbef 
allowing  a  witurated  solution  to  coed  mnler  u  hiyer  of  alcohol ;  tlie  one  tis  le«a  Bti^Kk  (Itl 
thecorrewpondiny  Hulphat^)  and  at  0-  bttK  a  Kolnhility  of  92  ixirts  fof  anhydmua  »iUt>  in  1 
water;  the  other  ia  more  stable,  and  the  wdnbility  SOpftrts  (of  anhydrouHanU'l  ^ler  liH) 
water.  The  »olnbility  of  the  dcTcahydraU  d  fsalt  io  100  water  =  at  0^,70  :  at  20'-,  ai*?; 
80°,  372  parts  (of  anliydrouh  wait).  At  WJ-  the  Bolubility  i«  only  4t>*l,  at  90*^  45'7«  &t  \\ 
WA  parttt  itkf  anhydroiiB  fialt).  The  specific  jpnravity  iNote  7)  of  the  sohitioria  of  iodil 
carbsjnate,  according  to  the  data  t»f  Gerhich  and  Kohlrtiuacb,  at  IB**  i**  is  i*xpr«Mt«d 
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37^  ;  both  salts,  on  crystalliaing  at  the  oixliuary  temperature,  combine 
with  ten  molecules  of  water,  and  such  crystals  of  sotla,  like  ciystals  of 
Olauber's  snlt,  fuse  at  34°,  HofHum  cjirlionate  also  forms  a  sijper- 
.saturatecl  solution,  and,  acconling  to  the  conditions,  given  various  com- 
binations  with  water  of  crystallisation  (mentioned  on  page  107),  to. 

At  a  rod  he^it  superheated  steam  liberates  otrbonic  anhydride  from 
fiCKlium  carbonate  and  forms  caustic  soda,  Na^,C03  +  H20  =  2NaiIO  + 
C0-|.     Here  tlie  carbonic  anhydride  is  replaced  by  water  ;  this  depends 
on  the  feebly  acid  character  of  carbonic  anhydride*     By  direct  heatings 
sodium  carbonate  is  only  slightly  decompose<l  into  sodiuui  oxide  and 
<jarbonic   anhydride  ;  thus,   when   sodium    carbonate   is   fused,  about 
1  per  cent,  of  carbonic  anhydride  is  disengaged.'-*     The  carbonates  of 
many  other  metals — for  instiince,  of  calcium,  copper,  magnesium,  iron, 
^fec— on   being  heated  lose  all  their  carb<inic  anhydride.     This  shows 
the   considerable   basic   energy    which    sodium    posse^ea.     With  the 
soluble   salts  of  most   metals,    sodium    carbomite    gives  pi*ecipitates 
either  of  insoluble  carbonates  of  the  uietals,  or  else  of  the  hydroxides 
(in    this    latter    ease     carbonic    anhydride    is    disengaged)  ;  for  in- 
stance, with  barium  salts  it   precipitates   an   insoluble   barium   car- 
bonate (BaCL  +  NajCO3=*2NaCl-hBaC03)  and   with    the   aluminium 
salts    it  precipitates  aluminium  hydroxide,   carlxmic  anhydride  Ijeing 
disengaged  r  3Na,C03  -h  A^SOJa  H-  3R,0  =  3Na,H0<  -h  :JAl(OH)j  + 
3C0.J.     Sodium  carbonate,  like  all  the  salts  of  carbonic  acid,  evolves 
•carbonic  anhydride  on  treatment  with  all  acids  which  are  to  any  extent 
energetic.     But  if  an  acid  diluted  with  water  be  gradually  kidded  to  a 
solution  of  s<xlium  carbonate,  ttt  first  such  an  evolution  does  not  t^ke 
place,  because  the  excess  of  the  carbonic  anhydride  forms  acid  sodium 
carbonate   (so<lium  bicfirbonate),  NaHCOj,     The  composition  of  this 
^t,    however,    may    be   also   represented    as  a  combination   of   car- 
bonic acid^  HyCOy,  with  the  normal  salt,  Na^CO^,  just  as  the  latter 
also   combiner    with    water*     »Such  a   representation  is  all  the   more 

the  formnlA,  t  — W0U2+ 104'52/  +  0-lfl5/>*.  Wfuk  *u)ltiikm8  tn'cupy  a  volumu  not  only  lew* 
tli*n  the  aanitjf  Uib  vulaiiit^s  of  iho  anhydrous,  nalt  tmd  tht*  wut^jr^  Imt  «?ven  Ichb  thmi  the 
water  oomtMned  in  thenu  For  instanctr^  Khkj  j^nuiis  of  1  p.c,  iM)latinn  occupy  j  15*')  li 
volume  of  9004  c.c*  (»p.  gr.  l'l>0W7)»  but  t  outniu  W(K)  grams  of  water,  <x?cupying  at  1«®  % 
volume  of  fl!M)'H  «.c«  A  similar  e»t«e  of  BohibiHty,  which  ia  compttratively  rar«  (it  0<3cUf» 
.id§o  with  sodijini  hydroxide),  occnr»  in  those  dilute  solutioiie  for  which  the  fuctor  A  b 
jpreater  tluui  UK)  if  the  &p.  gr.  of  wfLL«r  At  4  =  1U0<KK^  and  if  the  §p.  gr.  of  the  Molutioit  b« 
ezpresaed  by  Uim  ftimnihi  S-  So  -i-Ap^Bp^,  where  So  m  tlu*  sptHnfie  gruvity  of  the  water 
(this  is  more  fuUv  diMcuti^ied  in  my  treatise.  The  Investigation  of  AqurouM  SolutiofUt 
1887,  II  iH  tumX  USt.  For  5  px'.  thti  up.  gr.  15*^  4^*=1'0520;  for  10  p.c,  1  lur.7;  for  15  px, 
l'lCH.>Uw  The  ehiuiges  in  tht*  Hp,  \rr,  with  the  temperature  are  here  almost  the  sAJne  »■ 
with  Holiitioui^  of  sodium  chloride  with  nn  equ«i}  value  of  p. 

*^  According  to  the  observations  of  Piekering.    According  to  R«i«e,  when  lolutiont  of 
/sodium  c«rbouate  ure  boiled  a  certAin  &mouiit  of  carbonic  anhydride  i»  diueiigttged. 
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likely  l>ecause  (1)  thei-e  exists  another  salt,  NaaC03,2NaHCOj,2l 
(sodium  sesquicarboGate),  obtained  by  cooling   a  boUingf  soltitioii 
Bodiurn    bicari>onate,   or  by  mixing  this   salt  with  the  normal    salt 
but  the  formula  of  this  salt  cannot  be  derived  from  that   of   novn 
carbonic  acid,   as  the  formula  of   the  bicarbonate  can  ;'^^  (2) 
of  crystallisation  does  not  enter  into  the  composition  of  the  cryst 
of  the  acid  &ilt,  &o  that  on  its  formation  (occurring  only  at  low  teiB 
peratures,  as  in  the  foiination  of  crystalline  compounds  vrith  wat 
the  water  of  crystallisation  of  the  normal  salt  sepai-ates  and  the  vrat 
is,  as  it  were,  replaced  by  the  elements  of  carbonic  acid.     In  any  case^ 
the  acid  sodium  carl>onate  is  an  unstable  salt.     Not  only  ^^hen  heated 
alone,  but  even  on  being  slightly  beatetl  in  solution,  and  also  at  th^^ 
ordinary  temperature  in  damp  air,  it  loses  carbonic  anhydride  and  fonu^H 
the  normal  salt.     And  at  the  same  time  it  is  easy  to  obtain  it  in  a  pure^ 
crystalline  form,  if  a  strong  solution  of  sodium  carbonate  Ijc  cooled  and 
a  stream  of  carbonic  anhydride  gas  passed  through  it.     The  tiCid 
is  less  soluble  in  water  than  the  norm  ah  ^^   and    therefore    a   stronj 
solution    of   the   latter   gives   crystals  of   the   acid    salt    if    carbonic 
anhydride   be   passed   through   it.     The   acid   salt  may  be  yet  m 
conveniently  formed  from   effloresced  crystals   of   sodium    carbonal 


"•  At  the  baint*  tiniotbe  f\tJ8qni-Riilt  ha&  nil  the  properties  of  a  definite  compound: 
cryntiJliseji  ill  tmnHpim^nt  cryaUtls,  lias  a  con BtAnt  composition,  itsftolubility  (atO-  in  10 
of  wuterj  lH'*i  of  anhytlrnus  mvlt)  differs  from  th**  solubility  of  thp  nonnal  and  ncid  i 
and  tibowh  chungt'H  in  composition  ;  it  is  foand  in  nature,  and  is  known  by  the  iiiunesc 
trona  and  urao,  Thtu  obatrvatioiih  of  WnttHanrl  RirlutrflH  whowed  U^i^*^)  that  on  pounng 
a  Rtrong  solution  of  the  ueid  auAi  into  a  §io1utiou  of  the  normal  raU  K«,turtited  by  lieatiugJ 
crystab  of  tho  salt  NaHCO-,Nu-.CO;;/iHjO  may  be  etiHily  obUtined,  as  long  at)  the  temp 
rature  J«*  abovt^  35'^,  The  natural  urao  ( Bimiibinf^nlt)  has,  act^nrding  to  Laurent,  the  i 
composition.  This  aalt  in  very  stable  in  nir,  and  may  be  nstfd  for  purifying  ^odiutn  ci 
nate  on  the  hkrge  scale.  Frum  the  tht^nrciical  hidu  Rueh  €om|>oujidH  ha%'e been  bt tie  stadicvl, 
yet  are  particularly  int<ere!iting  bet'aut^e;^  in  all  probability,  tlu'y  correspond  with  oti 
carbonic  acid  CfOH)^,  and  at  the  same  time  correspond  tvith  doubh*  salts  like  u^tmrli&niU 
(Chapter  XTV.). 

^'  llKi  parts  of  waU^r  at  0^  dissolves  7  parts  of  the  acid  salt,  which  corresponds  wtlibl 
4*8  portti  of  the  anhydrous  normal  mlt^  but  at  0^  IfWt  partR  of  water  dissolves  7  puts  < 
ih«  Ifttter.  The  sohihility  of  the  acid  salt  varies  with  considerable  regularity;  IfK)  |iftrt»  ] 
of  water  dit^fiolves  at  1&'  9  jwirts  of  the  stilt,  at  tSO^  11  parts. 

The  aminoiiium,  and  nuire  eHpecially  the  calcium,  salt,  is  much  mor*  noluble  in  wi^itv* 
The  ammonia  proot'HH  (itfc  fj»Ae,  p.  511^)  iw  founded  upon  this.    Ammonium  btimrlionAla  i 
(acid  eurilion ate)  at  0^'  has  a  solubility  of   12  partK  in  KM)  water,  jit  iUV^  of  *i7  parts, 
■oltibility,  therefore,  increases  very  rapidly  w^ith  tbi*  temperatun.'.    But  its  aatiirut«d  eolo-H 
lion  iii  maw  stablca  than  a  solution  of  sodium  bicarhonate.    In  fact,  saturatc^d  solutiou^c 
thene  salts  have  the  vapour  tenision  of  a  mixtures  of  ^arbouii^  anhydride  and  water — namelf 
at  1.5°  and  at  50°,  for  the  sfMhum  salt  Vli}  aud  750  millimetres,  for  the  ammonium  watt  19 
and  I>fi8  millimietres.     These  data  are  of  great  imjiortance  in  understanding  the  pheno^i 
men  a  connected  with  the  amnunua  proreHh.     They  demonstrate  that  with  an  ifirre«M«} 
pressure  the  formation  of  the  sodium  fna^i  ought  to  increase  if  there  be  anexcensof  mu 
nium  sidt. 
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which,  on  being  considerably  lieated,  very  easily  absorb  carbonic 
Hnhydride.^^  The  acid  salt  crystallises  well,  but  not,  however,  in  sudi 
large  crj'Sitjils  as  the  normal  salt  ;  it  has  a  brackish  and  not  an  alkaline 
taste  like  that  of  the  normal  salt,  its  reaction  is  feebly  alkaline, 
nefirly  neutral.  At  70^  its  solution  begins  to  lose  carbonic  anhydride, 
and  on  boiling  the  evolution  becomes  very  abundant.  From  the 
preceding  remarks  it  is  clear  that  in  most  reactions  this  salt,  especially 
when  heated,  acts  similarly  to  the  normal  salt,  but  has,  naturally,  some 
distinctions  fi'oni  it.  Thus,  for  example,  if  a  solution  of  sodium 
carbonate  be  added  to  a  normal  magnesium  salt  a  turbid jty  (precipi- 
tiite)  is  formetl  of  magnesium  carbonate,  MgOO^j.  No  such  prtHiipitate 
is  fonned  by  the  acid  salt,  because  magneBium  carbonate  is  soluble  in 
the  presence  of  an  excess  of  carbonic  anhydride. 

Sodium  carbonate  is  used  for  the  preparation  of  enHHtic  soda^^  — 
that  is,  the  hydi*ate  of  sodium  oxide,  or  the  alkali  which  corresponds 
with  sodium.  For  this  purpose  the  action  of  lime  on  a  sulutiun  of 
sodium  carbonate  is  generally  made  use  of.  The  process  is  as  follows  : 
a  weak^  generally  10  per  cent.,  solution  of  sodium  carbonate  is  taken,*^ 
and  boiled  in  a  cast-iron,  wrought- iron,  or  silver  boiler  (sodium 
hydroxide  does  not  act  on  these  metals),  and  lime  is  added,  little  by 
little,  during  the  boiling.  This  latter  is  soluble  in  water,  although 
but  very  slightly.  The  clear  solution  Ijecomes  turbid  on  the  addition 
of  the  lime  l>ecause  a  precipitate  is  formed  ;  this  precipitate  consists 
of  calcium  carbonate,  almost  insoluble  in  water,  whilst  caustic  soda 
i&  formed  and  i-emains  in  solution.  The  decomposition  is  effected 
according  to  the  equation  :  Na,C(>a-f  CR{HO)4=CaC03  +  2NaHO,  On 
cooling  the  solution  the  calcium  carbonate  easily  settles  as  a  precipitate, 

"  CiyBtiilline  Bodlom  oarbonitte  (bmk«^i  iato  lumps)  also  iibftorbfi  carbonic  ftnhydnde, 
but  the  water  contained  in  the  Lrystab  is  theu  disengaged:  Ntt.^COr„lllH,,0  + CO^^ 
Na.;CO.-„  fljCO.15  +  yfljO,  and  dinsolves  piirtof  the  earboimte;  therefor©  part  of  the  iodium 
earbonute  pttAses  into  aolntion  tog<?ther  with  all  the  impuritiea.  When  it  in  reqiiire<l  to 
avoid  tlie  formation  of  this  wdation*  a  mixture  at  ignited  and  crvHtiUhue  ^ditim  carbonat^^ 
»«  taken.  «Sixlium  bicarbonatt?  in  preparind  chiefly  for  meditinal  use,  and  it  then  often 
termed  carbonate  ofnmia,  al*o,  for  iiifttiince  in  the  tM>-called  swida  jiowderH,  (or  preparing 
certaii)  artificial  mineral  waters,  for  the  rapid  generation  of  couBiderahlti  quantities  of 
carbonic  anhydride  in  the  domentic  preparation  of  water  charged  with  carbonic  acid,  for 
the  maunfacture  of  digeetive  loseuges  like  tho»e  made  at  EAsentoki,  Vichy  (paBtlUe^ 
digeBtivee  de  Vichy),  ite, 

*•  In  chemistry  sodium  oxide  is  termed  *floda,'  which  word  mutit  be  carefully  diutin- 
gujohed  from  the  word  sodium,  lueanniv;  the  nietah 

**  With  a  small  quantity  ol  water,  the  reaction  either  does  not  take  place^  or  even 
prooeedfiin  the  reverne  way — that  in,  Hodiiim  uud  potasHium  hydroxides  remonre  eirbouic 
anhydride  fmm  calcium  t^arbonate  iLichig,  Wuttion,  Mitscherlich,  and  othera).  The  m 
fluence  of  the  nnisH  of  water  *»  evident.  According  to  GerliertH,  Btrong  solutions  of 
•odium  carboaaie  are,  however^  decompo^d  by  lime,  which  is  very  iuteresting  if  confirmed 
hj  forllMr  utiTMtigfttiou, 
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and  the  clear  solution  or  alkalt  above  it  contains  the  easily-solul 
sodium  hydroxide  formed  in  the  reACtion/^'  After  the  nec**ssar 
quantity  of  liin*^  has  been  adde<l,  th<^  solution  is  allowed  to  stand,  aa 
is  tlien  decanted  off  and  evaporated  in  cast  or  wrought  iron  lx>iler 
or  in  silver  pana  If  a  perfectly -pure  product  is  reijuired,*'^ 
evaporation  catmot  be  conducted  in  china,  ^ditss,  or  similar  vessel! 
because  caustic  soda  eats  into  glass  and  chinii^  although  hut  sligbtl]| 
The  solution  does  not  crystallise  on  evaporation,  (>ecause  tlie  solubililS 
of  caustic  soda  when  heated  is  very  great,  but  crystals  containio 
water  of  crystallisation  may  be  obtained  by  ci»oling»  If  the  evapii 
tion  of  the  alkali  be  conducted  until  the  speciEc  gravity  reaches  1* 
and  the  liquid  is  then  cooled  to  0'\  transparent  crystals  appear  conltdtt^ 


**  Ah  Irmg  aw  purt  of  the  iiudeeoiajia^ed  sodium  cArboimt*  iri^mttin«  iti  ^olotioTi.  ext 
ol  acid  added  Ln  tbt?  soJution  diNt'JigAgpfe  LMirboiiic  aidiydridt*,  and  Llits  i^ilution  tifter 
tion  giviitt  a  wliitu  precipittit*i  with  a  bajiujti  salt  solnbl<*itj  aL'idH,«bo\vijij*  the  prespnoo 
a  carbunatt:  in  Rolution  (if  there  be  nalpliate  pretient,  it  al«n  foritis  a  wiiiK'  precipi 
but  tbia  iH  ineuluble  m  aeids).  For  the  deeompouitioti  of  ^o^lium  rarbouuU*^  iiiiUc  of  li 
— that  ia,  slaked  Ume  Huspetid^d  in  water — in  cni ployed.  Foniitirl y  pure  sodium  liy< 
idfl  wa»  prepared  (according  to  BerthoDet)  by  diBsolving  tin?  iraipure  subatnnee  in  alcobot 
(sodium  carbonate  and  Huljihate  are  not  soluble),  but  now  that  metallic  sodium  fias  become 
cheap  and  h  poriiied  by  dbtdlation.  jjurir  catunHc  itodu  is  pr*»pared  by  actinj;  oti  ^  small 
quantity  of  Witter  with  wnliani.  By  allowing  strong  sohitiouj*  to  cr>st«illise  (in  th«  coldi 
completely  ptire  sodimm  hydroxide  nuiy  also  hv  obtained  (Note  27). 

Iij  tilhili  wurkti  wliertf  the  Lublune  pnxeMR  is  usit-d,  i'ao»tio  sodii  v«  prepartni  directly  from 
the  alkali  remairjing  in  tin*  mother  liquors  after  the  st^parati^ni  of  the  9<:>diQxn  carbotiab 
evaporation  (Note  14),  If  excesB  of  lime  and  cliHrroal  ha«  been  Ui»ed^  much  «oditui3 
hydroxide  may  be  obtained.  After  the  removal  rh  far  as  pOh»ihIe  of  the  atKlium  carbna- 
ate, a  red  liquid  (from  iron  ojcide)  ia  left,  containing  sodium  hydroxide  mixed  with 
pounds  of  sulphur  Hutd  nf  cyanogen  (formed  in  th«  Lebhme  funiaceii,  *t<*e  p.  236, 
Chapter  IX. |  and  also  containinK  iron.  This  red  alkali  is  evftpomtM  and  air  is  hli 
through  it,  which  oxidi^eH  the  impurities  (for  this  purpose  sometimes  8odtuiu  ttitmS** 
added,  or  bleuehinij;'  powder^  d'c,  j  and  leaves  fused  eaUHtie  tioda.  The  fus(f>d  inaa»  i»  aU< 
to  fettle  in  order  to  s^eparate  the  femiginou&  preeipitate,  and  poured  into  iron  biu-nids^  wl 
the  tiiodium  hydroxide  liolidilieA.  Such  eauHtie  soda  containt^  about  lU  p.c.  of  watcx  m 
excess  and  unme  outline  impuritiefl^  but  when  properly  majiufactured  in  olmoet  Ctcms-Irmb 
carbonate  and  from  irou. 

^  Luwig  gave  a  method  of  preparing  aodium  hydroxide  from  Bodium  earboiMto 
heating  it  to  a  dull  red  heat  with  un  exee^a  of  ferric  oxide.  Carbonic  a]ihydrid« 
olF,  and  warm  water  extra<Lti  the  caufitio  Bodn  from  the  remaining  niaH».  Thi« 
aa  experiment  shows,  proceeds  very  easily,  and  in  an  example  of  contact  aotion 
to  the  influence  of  ferric  oxide  on  the  decomposition  of  potasKtum  cblorftte.  Tfcf 
reaaon  of  this  may  be  that  a  small  qumitity  of  the  sodium  carbcmate  enters  into  donU* 
deooiDpoflition  with  the  ferric  oxide,  and  the  ferric  carlxm ate  produced  i«  decoin[jofe«d  into 
carbonic  anhydride  and  ferric  oxide^  tlio  action  of  which  is  renewed.  Biniiltu*  explas*- 
tions  expresiiing  the  motive  of  a  reaction  really  add  but  little  to  tliat  el^meni«Lry  ooucop 
tion  of  contact  which,  according  to  my  opinion,  consists  in  the  change  of  moUon  of  th* 
Atoms  in  the  molecules  under  the  inllueoce  of  the  j^Qbstaiiee  in  contact.  In  ordor  to 
reprt?Hcnt  thin  dearly  it  is  suflicient,  for  instance,  to  imagine  that  in  the  t»odiani  eai 
the  eleui**ntH  COj,  move  in  a  circle  round  the  clenientH  NajO*  but  at  the  poLuts  of  con' 
witli  Fe-jO^  tim  motion  l^K-ome*  elliptic  with  a  long  axis,  and  at  Hume  difttaxice  from  N 
the  eletnente  of  CO.^  are  parted,  not  having  the  faculty  of  attaching  thetnaelr^s  to 
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ing  2NaHOJH.20,  they  fuse  at  -f  6^.*^  If  the  evaijoratioii  ln^  con- 
dueteii  as  lung  as  water  is  diseiiga<i:ed,  which  rei^uires  fi  considerable 
amount  of  heat,  then,  on  coolings  the  hydroxide,  NuHrJ,  solidifies  in 
aemi- transparent'  crystals,^* 

Caustic  soda,  free  from  water,  forms  a  colourless  ciystalline  mass, 
which  eagerly  absorbs  moisture  and  cari»onic  anhydride  from  the  air.^ 
Its  specilic  gra\'ity  is  :i'13;^^  it  is  easily  soluble  in  water,  with 
disengagement  of  a  considenible  quantity  of  heat.^*  A  saturated 
Sf  tint  ion  at  the  ordinary  temperature  has  a  specitic  gravity  nf  about 
1*5,  contains  about  45- per  cent,  of  sodium  hydntxidc,  and  boils  at 
130*  ;  at  55**  water  dissolves  an  equal  weight  of  it,^^  Caustic  soda 
is  not  only  soluble  in  water  but  in  alcohol,  and  even  in  ether. 
Sulutinns  of  sodium  hydroxide  profluce  the  sensation  of  saiping  on  the 
skin,  because  the  active  liase  of  soap  consists  of  caustic  soda.^^ 


^  By  lillowitig  sbrong  eolatiotia  of  Bfxyam  hydroxide  in  cry8ta]IiH»  in  the  cold^  impuri* 
ties — sueh  as,  for  In&tAiiCti,  Hodiiim  anlphatt!^ — mAy  b«  nepamU'd  from  them.  Tlitj  fused 
crytlallo-hydrAte  'iXaHO,7H^,Q  fonus  n  i^ohitioii  hnving  fl.«iJHB>cifie  ^Acity  of  1105  (Henneft). 
Let  UB  renuirk  that,  according  to  uertaki  deterniinaitonHf  Icdg  water — namely^  only 
NftHOjBH^O — enterB  into  tho  L'oiiipoHitioti  of  tlie  cryfitiill»hydrate.  TUe  eryftt»il«»  on  dis- 
solving in  water  produce  cold. 

^  In  i*olid  imuHtic  Hoda  there  ih  generally  an  exceas  of  wat«r  beyond  that  ret^airtid  by 
the  fonnultt  NaHO.  The  caiititic  twida  uwd  in  hUiOratorieH  i»  genemlly  ctiat  ia  Hticks, 
which  are  broken  into  piecen*  It  must  h«  prejierv^nl  in  carelully  cloaed  vOHaiela, bec&ose it 
Abeorbft  wntvr  and  carlxinic  anhytbidt*  from  the  air. 

•*  By  the  way  it  chan^^es  in  air  it  is  easy  to  distinguish  cauRtit!  ftoda  from  caustic 
pota!th,whii*b  in  general  reeembles  it.  Both  alkali Mabaorbfi  waterandearlijonic  adhydride 
from  tliti  ivir,  but  cautttic  [lotaoh  forinfi  a  deliquescent  niasaof  j>otiiHHiuincarbouate»  whilst 
caustic  Aoda  forms  a  dry  powder  of  e(!ioreftcent  salt^ 

*o  As  the  molecolar  weight  of  NaHO-r  40,  the  volume  of  it«  molecuk  -  40;*J  18  ^  18'5, 
which  very  nearly  approaches  the  volume  of  a  niolecul**  of  water.  The  Hamo  in  general 
refers  to  the  compound h  of  Midium — for  instance,  its  saliM  have  a  moleculiu'  volume  ftp^ 
proachiug  the  volume  of  tbe  acids  from  which  they  are  derived. 

^^  The  molecalar  < quantity  of  {torlium  hydroxide  (40  grains^,  on  being  dis^iolved  in  a 
Inrge  innaH  {WQ  gftvm  molecules (  of  water,  develops,  according  to  Bertheiot  iilHO^  and 
according  to  Tlionitien  yy4(t,heat-onitR,  but  at  lOfP  about  imOii  |  Bertlielot).  SolationBof 
NaH(J-^  mHjO,  on  being  mixed  with  water,  evolve  heat  if  they  contain  leu*  than  HiljO, 
but  if  more  they  absorb  heat. 

^  The  specific  gravity  of  solutionM  of  Modiom  hydroxide  at  16^y  4^  it  giveii  in  the  ahori 
table  YttiUtw : — 

NaHO,  p.c.  .     .         5  10  lf>  90  30  40 

Sp.gr.      .     .     .     1057        lUa        1  im»        1224         1*381        l-48« 

1000  grams  of  a  5  p.c.  solution  oocupietfi  a  volume  af  94tf  ex. ;  that  ia,  leas  than  the  water 
4»erving  to  make  the  ^lution  isce  Note  IB). 

^^  Sodium  hydrrtxide  (and  other  tvlkalis)  ih  capable  of  hydrolysing — saponifying,  as  H 
irt  termed — the  cumpoumU  of  acidw  with  alcoholi*.  If  RHO  for  R(HO)»)  represent  the 
cotnpoNitiifl»o(  an  alcohol — that  i«,of  the  hydroxide  of  a  hydnx-arbon  radicle — and  QHOail 
mid,  then  the  compound  of  the  acid  with  the  alcohol  or  etliereal  Halt  of  the  giveii  acid 
will  have  the  oouiposition  RQO.  Ethereal  salta,  tlierefore,  preti«nl  a  similitude  to 
metallic  aalta,  just  aa  aXoohola  reaemble  basic  hydroxides.    Sodimn  hydroitide  act^  on 
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The  chemical  reai'tioTis  of  sodium  hydroxide  serve  as  a  type  for  thoM 
of  a  whole  class  of  alkalis — ^that  is,  of  soluble  basic  hydroxides  ^^^^4 
may  be  obtained  from  water  and  a  metallic  oxide,  and  whose  compo- 
sition is  expre-ssed  iis  a  compouml  of  the  metal,  M»  and  hjdroxyl,  OH; 
MOH.  The  solution  of  sodium  hydroxide  is  a  very  catLstic  liqaid— 
that  is  to  say,  it  acts  in  a  destructive  way  on  njost  su Instances,  for 
instance,  on  most  organic  tissues  hence  caustic  soda,  like  all  snluhie 
alkalis,  is  a  poisonous  substance  ;  acids,  for  instance,  hydrochloric; 
forming^  common  salt»  serve  as  antidotes.  The  action  of  caustic  s«;idi 
on  bones,  fat,  starch,  and  similar  %'egetable  .and  animal  aubstmic»?$ 
explains  its  action  on  organisms.  Thus  bones,  when  plunged  into  * 
weak  solution  of  caustic  soda,  fall  to  powder,^'  and  evolve  a  smelt  of 
ammonia,  which  is  due  t-o  the  caustic  so<^la  changing  the  gelatinaitf 
organic  substance  (it  contains  carbon,  hydrogen,  nitrogen,  oxygen-  ofiii 
sulphur,  like  albumin)  of  the  Ixmes,  tlLssohing  it  and  in  part  destiny- 
ing  it,  whence  ammonia  is  disengaged.     Fats,  tallow,  and  oils  beooinr 

ethereikl  salta  in  the  same  way  Ihat  it  actts  on  ilie  majority  of  m<»(alUc  milts — luieiflly,^ 
liberates  lileoLol,  and  forttiH  tlie  fuxliimi  salt  of  that  aeid  which  wii^  in  the  elliegrval  tilL 
The  reaction  take«i  {dute  in  the  fuUowing  way : — 

_  RQO         +         NiiHO         =         NftQO         ^         RHO 

"  Ethereal  CatisLic  Smtiuni  Aleohtil. 

^alt.  &oclu.  salt. 

Badi  a  decompoRition  ia  termed  saponification,  becanH«  aimilar  reactions  were 
Tery  long  ttj^o  for  tht^  ethereal  «ji,lt»  corresponding  with  glycerin,  CsHa^OH)^  <Cli*ptr^ 
rX,),  found  in  aiiimiU^  imd  plantn^  and  compoHinjf  what  lire  called  fat«  or  oila,  Uaatt4^ 
Boda^  acting  on  fat  and  oil,  funns  glycjerin,  and  f»odiuni  koAu  of  thos^  (icida  which  «•!» 
in  union  with  the  glycerin  in  the  fat,  as  Chevreul  tthowed  at  the  beginuinjiE  of  this  centarr. 
The  Bodiuni  haKh,  of  the  fatty  aoidft  are  known  in  practice  aK  soaps.  Tbat  is  to  sa^ .  that 
aoap  \»  made  fri>m  fat  und  canatic  noda,  glycerin  being  separated  and  a  aodium  uU. 
fonned.  A»  glycerin  in  u^^ually  found  in  union  with  certain  acids,  so  also  are  the  sodiaB 
aaltH  of  certain  acidn  found  in  soap^  The  greuter  ])art  of  tlie  acida  found  iu  eoujiUKtuft 
with  glycerin  in  fats  are  the  solid,  palmitic  ami  Ht*iaric  acids,  Ci^Hj^Og  and  C|^H.ici|C)j,  Asf 
tlie  liquid,  oleic  acid,  Ci^Hj^O-^ ;  hence  soap  priticipully  contains  a  uuxttire  of  the  aodiiiti 
Balte  of  tlietifC  acids.  In  jircparing  »ottp  the  fatty  liubHtivnceti  are  mixed  With  a  Bolulloii  rf 
cauHtie  Boda  until  an  emulHion  in  fonned  ;  the  proper  quantity  of  caustic  0O4la  la  Uirt 
atlded  ill  order  to  produce  aapcuiifi cation  whtfti  heated,  the  soap  being  ^i^panttfi^  fhwi 
the  Bolution  either  by  nu^aiiH  of  an  hxc<?8«  uf  tanstic  sodtt  or  else  by  common  salt,  wtkth 
dittpkiccH  the  jMiaplrnm  the  aqueous  solytion  (wait  water  doea  not  dissolve  aoap,  n^iUMT 
doee  it  form  u  lather),  Tht^  water,  acting  on  the  soap,  partly  decompoaea  it  (boeifcU<i«t]i# 
acids  of  the  soHip  tire  feebleli,  and  the  alkali  set  fref  acta  during  the  application  of  toafx 
Hence  it  may  he  rei>l[iced  by  a  very  feebk*  alknli.  Strong  solutions  of  alkali  oxjrrod*  th* 
akin  and  iiftsoeH.  They  are  not  formed  from  f^oap,  b{?caU!^e  the  reaction  La  r«T«mbliu 
and  the  alkali  in  only  set  free  by  th**  *?xceKh  of  water.  Thus  we  tiee  how  the  teachbf  of 
Berth ollet  renders  it  possible  to  understand  many  phenomena  which  occur  during 
day  experience, 

^^  On  thirt  is  founded  the  process  of  Heiikof!  and  Engt^lbardt  for  treating  hones 
bones  are  mixed  with  awhes,    lime^  and    water ;    it  is    true   iu    this   ca»«    tliai 
potassium   hydroxide  than    sodium    hydroxide  h  foi-med^  but  their   action    ta 
identioaL 
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uponified  with  a  solution  of  caustic  so<ia— tbat  is  to  say,  they  form 
nth  it  Moapg  soluble  in  water,  or  sodium  salts  of  the  organic  acids 
ontained  in  the  fats.^'     The  clearest  I'eartions  of  sodium  hydnixide 
%rti  determined  by  the  faet  that  it  aatarate^  fd(  aci(U  forming  sails  uH.th 
heith^  which  are  almost  all  soluble  in  water,  and  in  this  respect  caustic 
'  soda  is  as  chai*acteristic  amongst  the  bases  as  nitric  acid  is  among  the 
acids*    It  m  imfM»ssible  to  detect  sodium  by  means  of  the  formation  of 
precipitfites   of  insoluble  sodium   salts,  as   may  be  done  with   other 
metals,  many  of  whose  salts  are  but  slightly  soluble.     The  powerful 
alkaline  propei-ties  of  caustic  sorla  deteTmine  it«   capacity   for    com- 
bining with   even   the    feeblest  acids,    its    prtiperty   of    disengaging 
ammonia  from  ammonium  salts*  its  faculty  of  acting  on  salts  whose 
bases  are  insoluble  in  water,  itc.     If  a  solution  of  the  salt  of  almost 
any  met^d  be  mixed  with  caustic  soda,  then  a  soluble  sodium  salt  will 
be  forme<:l,  and  an  insoluble  hydroxide  of  tJie  metal  will  be  separated — 
for    instance,    copper    nitrate    yields    copper     hydroxide,     Cu{N03), 
+  2  N  a  H  0 = Cu  ( Ho )  J  -f  2NaN  O  3 .     E  v  e  n  m  any  ha^ic  Oituies — ^as,  for  in  - 
stance,  the  oxides  of  zinc  and  aluminium — precipitated  by  caustic  soda, 
(xre  capable  of  cmnbining  with  it  and  forming  soluble  compounds,  and 
therefore  caustic  soda  in  the  salts  of  such  metals  first  forms  a  pre- 
cipitate of  hydroxide^   ami   then,  employed   in    excess,   tlissolves   this 
precipitate.     This  phenomenon  occurs,  for  instance,  when  caustic  soda 
is  added  to  the  salts  of  aluminium.     This  shows  the  property  of  such 
an   alkali  as  caustic  soda  of  combining  not  only  with  acids,  but  also 
with  feeble  basic  oxides.     For  this  reason  caustic  soda  acts  on  nwsi 
eleitients  which   are  capable   of  fonning   acids   or    oxides  similar  to 
them  ;  thus,  for  instance,  the  metal  aluminium  gives  hydrogen  with 
caustic  smla  in  consequence  of  the  formation  of  alumina,  which  com- 
bines with  the  caustic  soda— that  is,  in  this  case,  the  caustic  alkali 
acts  on  the  metal  just  like  an  acid.     If  the  substance  which  is  mixed 
with    the   caustic  soda   is  capable   of   combining  with   the    hydn^gen 
evolved    (aluminium    does   not  form   such  a  compound),  then   such  a 
compound  will  be  formed.     Thus,  for  instance,  in  this  way  phosphorus 
acts  on  caustic  sixla,  yielding  hydrogen  plutsphide.     If  the  hydre^gen 
compound  disengaged  is  capable  of  combining  with  the  alkali,  then^ 
natui-aUy,  a  salt  of  the  corresponding  acid  is  formed »     For  instance, 
chlorine  and  sulphur  act  thus  on  caustic  soda.     Chlorine,  with  the 
hydrogen  of  the  caustic  soda,  forms  hydrochloric  acid,  and  the  latter 
forms  common  salt  with  the  sodium  hydroxide,  whilst  the  other  atom 
in  the  molecule  of  chhrrine,  Cl„  takes  the  place  of  the  bydnigen,  and 


^  At  explained  in  Ni^te  a  a. 
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forms  the  liyporhlurite,  NaCll).  In  the  same  way,  by  the  jurtionrf 
sodium  hydnjxitle  on  sulplmr,  hydrogen  sulphide  is  formed,  which  justi 
on  the  soda  forming  .sodium  Kidphitie^  in  addition  to  which  sodina 
thiosulphat^  ia  tVirmed  (*?'>?  sulphur).  In  virtue  of  the  possibility  d 
similar  reactions,  sodium  hydroxide  acts  on  many  metals  uni 
non-metals.  Such  action  [a  often  accelerated  by  the  presence  of  tlrt 
oxygen  of  the  air,  as  by  thiis  means  the  pijssibtlity  of  the  foniiatina  frf 
acids  and  oxides  rich  in  oxygen  is  increased.  Thus  many  metals  tmi 
their  lower  oxides,  in  the  presence  of  an  alkali,  absorb  oxygea  tad 
form  acids.  Even  manganese  peroxide,  when  mixed  mth  caustic  ao^ 
is  capable  of  alisorbing  the  oxygen  of  the  air,  because  sodium  maogi' 
nate  is  formed.  Organic  acids,  when  heated  with  caustic  soda,  giv^i^ 
to  it  the  elements  of  carbonic  anhydride,  forming  sodium  carboiuitia 
and  separating  that  hydrocarbon  group  which  exists,  in  eombiiuiUn 
with  carbonic  anhydritle,  in  the  organic  acid. 

Thus  sodium  hydroxide,  like  the  soluble  alkalis  in  general,  ninb 
amongst  tlie  most  active  substances  in  the  chemical  .sense  of  the  term; 
but  few  substances  are  capable  of  resisting  it.  Even  the  rocky  silittos 
substances,  as  we  shall  see  further  ou,  are  transformed  by  it,  foniikg 
vitreous  slags  with  it^  at  all  events  on  fusion.  So<lium  liydroxide^M* 
typical  example  of  the  b#isic  hydnites,  in  distinction  from  luanyollhir 
basic  oxides,  easily  forms  cLcid  salts  w*ith  acids  (for  instance,  NaHStJn 
NaHCO;,),  and  does  not  form  any  basic  stilts  at  all  ;  whilst  mia^ 
less  energetic  bases,  Jsuch  as  the  oxides  of  copper  sijid  lead^  ^t^ 
form  basic  salts,  but  acid  salts  only  wuth  difficulty.  This  capiabili? 
of  forming  acid  salts,  particularly  w^ith  pi jly basic  acids,  may  ha  e&> 
plained  by  the  energetic  character  of  the  basic  properties  of  sodto 
hydroxide,  and  the  small  *levelopment  of  these  properties  in  tk 
bases  which  easily  form  basic  salts.  These  latter  bases  are  erm 
capable  of  combining  with  such  bases  as  sodium  hydroxide  iB^ 
amnjonium  hydroxide.  An  energetic  base  is  capable  of  retAitiinj  » 
-considerable  quantity  of  acid,  which  a  slightly  energetic  base  >u^ 
not  have  the  power  of  doing.  Certain  feeble  bases,  particularly  inl 
mediate  ones  (like  alumina)  are  not  at  all  capable  of  retaining  such 
acids  as  carbonic,  or,  if  they  form  coatpounds  with  them,  thev  aro 
unstable  and  basic.  The  formation  of  acid  salts  with  such  acidi  *» 
^•arbonic,  oxalic,  sulphuric,  phosphoric,  *kc.,  which  contain  two 
more  atoms  of  hydrogen,  capal>le  of  being  replaced  by  metals, 
explained  by  the  fact  that  the  normal  salt  represents  the  sxk^ 
tution  of  sodium  for  all  the  atcjuis  of  hydrogen.  Such  monubitf 
acids  as  nitric,  hydftx'hloric,  *fcc.^  do  not  form  any  stable  acid  fisl** 
^although  they  form  unstable  compounds  of  the  normal  salt  with  tl« 
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acid),  because  they  contain  only  one  atom  iif  hydi'ogen  capable  of 
being  replaced  by  the  metal.  Also,  as  will  be  shown  u\  the  subse- 
quent chapters,  sodium  Iwlongs  to  the  univalent  metals,  exchangeable 
for  hydrogen  atom  for  atom  ;  amongst  metals  8o<liura  may,  like 
chlorine  amongst  the  non -metals,  serve  as  a  representative  of  the 
univalent  properties.  Most  of  the  other  elements  which  are  not 
capable  of  forming  acid  salt^  are  bivalent,  fnim  -whence  it  may 
be  understood  that  in  a  bibasic  acid — for  instance,  carbonicj  HgCOs, 
or  sulphuric,  H^SO^  — the  hydrogen  may  be  exchanged,  atom  for  atom,, 
for  sodium,  and  yield  an  acid  salt  by  means  of  the  first  substitution 
and  a  normal  sjdt  by  means  of  the  second— for  instance,  NaHHO^, 
and  NiLiS<)|,  whilst  such  bivalent  metals  as  calcium  or  Imrium  d^ 
not  form  acid  salts  because  one  of  their  atoms  at  once  takes  the  place 
of  both  hydrogen  atoms,  forming,  for  instance,  CaCO^  and  CaS04. 
It  may  be  ex|^iecte<l,  from  what  has  l>een  mentioned  above,  that 
bivalent  met^U  easily  form  acid  siUts  witfj  acids  containing  more  than 
two  atoms  of  hydrogen— for  instance,  with  tribaaic  acids*  such  as 
phosphoric  acid,  H:,P(  )j — and  actually  such  salts  do  exist  ;  but  all 
such  relations  are  complicated  by  the  fact  that  the  character  of  the 
base  very  often  changes  and  becomes  weakened  with  the  increase  of 
valency  and  the  change  of  atomic  weight,  ami  feebler  bases  (for 
instance,  silver  oxide),  although  cor resp<jn ding  with  univalent  metals, 
do  not  form  acid  salts,  and  the  feeblest  bases  (for  iiLstance,  CuO,  PbO) 
easily  form  Imsic  salts,  and,  notwithstanding  their  valency,  do  not  form 
any  acid  salts  which  are  in  any  de^ee  stable — for  instance,  which  are 
undecomposable  by  water*  In  addition,  basic  and  acid  salts  ought  to  be 
regarded  rather  as  compounds  sinnlar  to  crystallodiyd rates,  because 
such  acids  as  sulphuric  form  with  sridium  not  only  an  acid  and  a 
normal  salt,  as  might  be  expected  judging  from  the  valency  of 
sodiuui,  but  in  addition  to  these  also  salts  containing  a  greater 
quantity  of  acid.  In  swlium  sesquicarbonata  we  saw  an  example  of 
such  compounds.  Taking  all  this  into  considei*ation,  we  ought  to  say 
that  the  projjerty  of  more  or  less  easily  forming  acid  salts  more 
re^idily  acconls  with  the  energy  of  the  base  than  with  the  valency, 
and  it  is  truest  of  all  to  state  that  fhefiicidff/  (*/ a  banc  to  form  arid  and 
basic  Malta  w  its  characteristic,  just  as  the  faculty  of  forming  com- 
pounds with  hydrogen  is  a  characteristic  property  of  elements.  In 
this  respect  sodium  hydroxide  distinguishes  itself  by  the  facility  with 
which  it  forms  acid  salts  and  an  absence  of  the  faculty  of  forming 
basic  salts.  This  property  is  also  shared  with  sodium  by  the  bases 
formed  fn>m  the  metals  potassium  and  lithium*  The  metals  lead  and 
copper  do  not  form  acid  salts,  but  easily  give  basic  salts.     Barium  ^ 
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calcium,  and  silver  form  acid  and  basic  salts  with  difficult 
they  easily  form  normal  ones. 

We  have  seen  the  transformation  of  common  salt  ii 
sulphate,  of  this  latter  into  sodium  carbonate,  and  of  sodiun 
into  caustic  soda.  Lavoisier  still  regarded  sodium  hydn 
element,  because  he  was  unacquainted  with  its  deconipositic 
elimination  of  oxygen  and  its  formation  by  means  of  metal 
which  separates  the  hydrogen  from  water,  forming  caustic 
preparation  of  metallic  sodium  was  one  of  the  greatest  dig 
chemistry,  not  only  because  through  it  the  conception  of  eleme 
broader  and  more  regular,  but  especially  because  in  sodiui 
properties  were  observed  which  were  but  feebly  shown  ir 
metals  more  familiarly  known.  This  discovery  was  made  i 
the  English  chemist  Davy  by  means  of  the  galvanic  current, 
necting  with  the  positive  pole  (of  copper  or  charcoal)  a  pie< 
(in  order  to  obtain  electrical  conductivity)  caustic  soda,  and  be 
in  it  filled  with  mercury  connected  with  the  negative  pole 
Volta's  pile,  Davy  observed  that  on  passing  the  current, 
metal  dissolved  in  the  mercury,  less  volatile  than  mercury,  a 
•of  decomposing  water,  again  forming  caustic  soda.  In  th: 
tinalysis  and  synthesis)  Davy  demonstrated  the  complexity 
which  up  to  that  time  had  been  regarded  as  undecomposablo « 
On  being  decomposed  by  the  galvanic  current,  caustic  soda 
hydrogen  and  sodium  at  tlie  negative  pole  and  oxygen  at  tl 
pole.  Davy  showed  that  the  metal  formed  volatilises  at  a 
which  is  the  most  important  physical  property  for  extraetir 
because  all  further  metlKxls  are  founded  on  the  volatility  i 
Besides  this  Davy  observed  that  sodium  easily  oxidises 
vapours  take  fire  in  air,  and  the  latter  circumstance  was  for  ii 
an  obstacle  to  the  easy  preparation  of  this  met^l.  The  pre 
sodium  were  later  on  more  thoroughly  investigated  by  Gay-I 
Thenard,  who  furnished  easier  means  of  obtaining  sodium,  anc 
ithat  metallic  iron  at  a  high  t^^mperature  was  capable  of  reduci 
from  caustic  soda.^^     Brunner  latterly  discovered  that  not  ^ 
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"►•J  Deville  siippoBCs  that  Huch  a  (Itfcomposition  of  stxlium  liydroxidt*  by  i; 
cI(>])oii(1h  Holely  on  the  disKociiition  of  the  alkali  at  a  white  heat  into  sodiiit 
and  oxyijen.  Hero  tlie  part  j>layed  l>y  the  iron  is  only  that  it  retainn  tlio  ox> 
otherwise  the  de('onii>osed  elements  would  apiin  reunite  upon  coolinj:,  rk  in 
of  disHOciation.  If  it  he  Hupi>ofled  that  the  temperature  at  the  comnienetMnei 
'ioeiation  f»f  the  iron  oxides  is  lii^dier  than  that  of  stnlium  oxi<ie,  then  tlie  d*' 
may  ))e  exi)ljuned  ))y  the  liypothesiH  of  Deville.  Deville  demonstrates  liis  ^ 
following;  experiment: — An  inm  bottle,  filled  witli  iron  sliavinj,'s,  was  Ii<>ut«.* 
way  that   the   ui>per   part  became  red  hot,  tlie  lower  juirt  remaining;  coo 
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but  a3so  charcoal,  has  this  property,  although  hydrogen  does  not  reduce 
«o(liunu^^  But  still  the  methods  of  extracting  s^xliuio  were  %'ery 
troublesome,  and  consequently  sodium  was  a  great  rarity.  The  principal 
ubst4icle  to  its  prwluction  was  that  they  ende^ivoured  to  condense  the 
easily-oxidising  vapours  of  sodium  in  vacuum  in  complicJited  apparatus. 
B'or  this  reason,  when  Bonny  anil  ^laresca,  having  thoroughly  studied 
the  matter,  constructed  a  specially  simple  condenser^  the  production  of 
sodium  was  much  facilitated.  Furthermore,  in  practice  the  most  im- 
portant eptich  in  the  history  of  the  production  of  sodium  is  comprisetl  in 
the  investigation  of  Sainte-Claire  Deville,  who  avuided  th«>  complex 
methods  in  vogue  up  to  that  time,  and  furnished  those  simple  means  by 
which  the  production  of  sodium  is  now  rendered  feasible  in  chemical 
works. 

For  the  prothtction  of  sodium  according  to  the  methtxl  of  Deville,  a 
mixture  of  sodium  carbonate  (7  parts)  free  from  water,  charcoal  (two 
parts),  and  lime  or  chalk  (7  parts)  is  heated.  This  latter  ingredient  is 
-only  addetl  in  order  that  the  sodiuui  carbonate,  on  fusing,  shall  not 
iieparate  from  the  charcoal.^*  The  chalk  on  being  heated  loses  carbonic 
anhydride,  leaving  infusible  lime,  which  is  permeated  by  the  sodium 
carbonate  and  forms  a  thick  mass,  in  which  the  charcoal  is  situated,  in 
immediate  contact  with  the  sodium  carbonate*  That  is  to  say,  the  lime 
only  serves  as  a  mechanical  admixture.     When  the  charcoal  is  heated 


hydroxide  whb  mirodocecl  into  the  npper  p*iri.  The  decani  position  wm  then  efleclad — 
th«it  i&t  flcidiiim  vaixjiirs  were  fii^uced  (thJH  experirjieiit  wh»  done  realty  with  poiaj»Hltim 
hydroxide).  On  unifaHtening  t)io  bottle  it  waft  fonnd  tlmt  tJie  iron  in  tlie  upper  part 
waft  not  oiadist*d,  but  only  that  in  Llie  lower  piirt.  This  tttay  b«  explained  by  thedecom- 
pomtioii  of  the  niksili  into  Bodmm,  hydrogen,  and  oxygen  taking  pln^e  in  Ihe  ujipt^r  piirt, 
whilst  the  iron  in  the  lower  part  absorbed  the  oacy^'n  aet  free.  If  the  whole  bottle  l«! 
sahjofted  to  the  same  modeiute  beat  as  the  lower  extremity,  no  metaliie  vapours  are 
formed.  Then,  according  to  the  hypoiheiiK,  the  kunperfttnre  would  be  inaufBcient  for 
the  difiaoctation  of  the  sodium  hydroxide. 

*^  It  baa  been  previoURly  remarked  (Chapter  IL  Note  t>)  that  Beketoff  allowed 
the  diaplaoeoient  of  soditum  by  hydrogen,  not  from  sodium  hydroxide  but  from  the  oxide 
Na.jO ;  tlien,  however,  only  one  half  i»  displtitced,  with  the  fomiAtion  of  NgiHO. 

^  In  latter  times  in  England,  where  the  preparation  of  sodium  is  at  present  carried 
on  on  a  large  oommercial  acale  (from  18«<J  to  1870  it  waa  only  manufactured  in  a  few 
wotrkci  in  France),  they  have  begun  to  add  to  Deville'ti  mixture  more  iron,  or  iron  oxide, 
which,  with  the  charcoal,  givei*  metallic  and  carburetted  iron,  which  »till  further 
facilitates  the  decomposition.  At  pret^ent  a  kilogram  of  «odiitm  may  be  purchaied 
for  about  the  ttame  «Qm  (%]-)  aa  a  grani  cost  thirty  yea.rt»  ago.  The  indui^trial  prep«^ 
ration  of  aodium  in  large  quantities  ought  not  only  to  influence  the  extraction  of  audi 
metala  aft  aliutuuium  (metal  of  clay  and  alum!,  but  also  many  other  branches  of  industry. 
The  method  of  preparation  by  meant*  of  tlie  nation  of  the  galvanic  cujTent,  prc»po5ted  and 
tried  many  timea,  still  requiren  further  improvement,  Deville  overtame  the  prat^tical 
difiloultiea  connected  witii  his  procet^e,  which  is  that  in  use  at  preseut,  and  i^  ditttingui^hcd 
by  ita  aimplicity  and  cheapines^;  but  »a  far  industry  Inm  but  scajitily  availed  itM^lf  *A  the 
poftsibility  of  obtaining  cheap  sodium. 
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with  the  sodium  carbooiite,  at  a  white  heat,  carb«>nic  oxide  and  M 
of  sodium  are  disengaged,  according  to  the  equation  : 
Na,,C03  +  2C  =  Na,  +  SCO 

On  cooling  the  vapours  and  gases  disengaged^  the  vapours  eonj 
into  molten  metal  (in  this  farm  sodium  does  not  easily  oxidise,  wlti 
vapour  it  bums)  and  the  carbonic  oxide  remains  as  gas. 

Here  are  the  sijiiple  means  by  which  metalhc  so<1ium  may  be  oht^ 
An  iron  tube,  about  a  metre  long  and  a  decimetre  in  diameter^  is 
out  of  boiler  plate.  The  pipe  is  cemented  into  a  furnace  having  a  a 


>^r 
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Fia.  71,— MiiniifttcttiTB  of  soilmn  by  DeirJIIe's  nmoeiii     A  C,  Iron  tube  ornit  iiuj.-i; 
bcmIa.  charcouj,  »iiu  cimlk.    B,  (.-oudeuser. 


draught,  capable  of  giving  a  high  temperature,  and  the  tube  is  ci 
with  the  mixture  I'equirt^d  for  the  preparation  of  sodium.    One  ^ind 
tube  is  closed  with  a  cast-iron  stopper  A  with  clay  luting,  and  the 
with  the  cast-iron  stopper  0  provided  with  an  aperture.  On  heattfi 
of  all  the  moisture  contained  in  the  various  substances  is  given  off 
carbonic  anil  yd  ride  und  the  products  of  the  dry  distillation  of  the  ch 
then  the  latter  Ixjgins  to  act  on  the  sodium  carbonate,  and  carbonic 
and  vapours  of  sodium  appear.     It  is  easy  to  observe  the  appearand 
the  latter,  because  on  issuing  from  the  aperture  in  the  st<:>pner  C 
take  fire  spontaneously  and  burn  with  a  very  briglit  yellow  flame. 
pipe  of  the  condenser  is  then  introduced  into  the  apertum  C,  compe 
in  this  way  the  vapours  and  gases  formed  to  pass  through  the  condf 
B,      This  condenser  consists  of  two  square  cast-iron  trays,  A 
Fig.  72,   with  wide  edges  firmly  screwed  together*    Between  th< 
trays  there  is  a  space  in  which  the  condensation  of  the  vapotd 
sodium  is  accomplished,  because  the  thin  metallic  walls  of  the  condi 
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cooled  by  the  air  but  remain  sufficiently  heated  to  preserve  the 
sodium  in  a  liquid  state,  and  so  it  does  not  choke  the  apparatus,  but  con- 
tinually flows  from  it.  The  vapours  of  sodium,  condensing  in  the  cooler, 
flow  in  the  shape  of  Ucjuid  metiil  into  a  vessel 
containing  some  non*  volatile  naphtha  or  hydix>- 
carbon.  This  is  used  in  order  t'O  prevent  the 
sodium  oxidising  as  it  issues  from  the  conden- 
ser at  a  somewhat  high  tempeniture.  During 
the  operation  it  is  necessary  (with  an  iron 
rod)  to  occasionally  clear  the  pipe  which  con- 
ducts the  vapours  to  the  condenser,  because  it 
becomes  choked  up  with  solid  corapwunds 
formed  by  the  soil  turn.  In  order  to  obtain 
sodium  of  a  pui*e  quality  it  is  necessary  to  distil 
it  once  more,  which  may  even  be  done  in  porcelain  retorts,  but  the  dis- 
tillation must  be  conducted  in  a  stream  of  some  gas  on  which  sodium 
does  not  act,  for  instance  in  a  stream  of  nitrogen  ;  carbonic  aDhydricle 
is  not  applicable,  because  sodium  partially  deconipo^es  it,  al.»«orbing  the 
oxygen  from  it. 

Pure  sodium  is  a  lustrous  metal,  white  as  silver,  soft  as  wax  ;  it  be- 
les  brittle  in  the  cokL  la  ordinary  moist  air  it  quickly  tarnishes  and 
becomes  covere^l  with  a  film  of  hydroxide,  NaHO,  forme<l  at  the  expense 
of  the  water  ill  the  air.  In  completely  dry  air  sodium  retains  its  lustre 
for  an  indefinite  time.  Its  density  at  the  ordinary  temperature  is 
equal  U»  0*[^8,  so  that  it  is  lighter  than  water  ;  ft  fuses  very  easily  at  a 
temperature  of  95"^,  and  distils  at  a  bright  red  heat  (about  SW).  It 
forms  alloys  w^itb  most  metals,  combining  with  them,  heat  being  some- 
times  evolved  and  sometimes  absorbed.  Thus  if  sodium  {having  a  clean 
surface)  be  thrown  into  mercury,  especially  when  heated,  there  is  a  flash, 
and  such  a  considerable  amount  of  heat  is  evolved  that  part  of  the  mer- 
cury is  transformed  into  vapour/'*'-*     Compounds  or  solutions  of  sodium 


is  nc 
Hoxy^ 


^  By  diasolTinK  »o<liutn  ainaljitfitnii^  in  wat^r  tmd  acids,  and  rledurtinir  the  heat  of 

^^  lolllticm  of  the  sodium.  B*»rth*!ilot  found  that  for  each  atom  of  the  sodium  in  amalgaxna 

^B  eonUuxiiog  ih  lu*ge  ftmott»t  of  mercury  (luore  than  90  p.c.)  the  amount  of  heat  evolved 

^^InersAees  with  the  qiumtity  of  MxllaniT  iiiid  al»o  that  when  a  compodtion  is  reached  which 

approaohea  NaHgj  the  heat  evolved  deoreaaea.    In  the  formatioTi  of  tlie  latter  coiiiponndt 

tth<mt  lHr>00  calories  are  evolved ;  when  NaHg3  is  formed,  about  14000 ;  mid  for  NaHg 

alKJut  lUOOtI'  calories.     Kniitt  and   Po|>p  regarded  the  definite  trj'sialline  amalpim  &s 

buying  the  c-ompoi^itioii  of  NaHg^.,  but  at  the  present  lime,  in  aecordaiice  with  Grimaldi'a 

reanllBt  it  i«  thought  to  be  NaHji^j.     A   Bimilar  amalg^im  is  very  eitaily  obtained  if  a 

K  p.c.  uoalgtim  bo  left  several  days  m  a  solution  of  sodium  hydroxide  nntil  a  crystalline 

miuts   IB  fonned,  from   which  the  mercury  may  be  rt^moved  by  Btrongly  "pressing  in 

chanioiB   leather.    This   amalgam    witb    a    Boluiion   of   potassium  hydroxide    forma  a 

poUuisium  amalgam,  KHgK,  (Crookewitt,  Grimaldi),       It  maybe   mentioned  here  that 
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in  mercury,  or  avialgmtts  of  sodiuni,  even  when  containirig  2  parts 
sodium  to  100  parts  of  mercury,  are  solids.  Only  those  amalganw 
which  ai*e  the  very  jioorest  In  sodium  are  liquid.  Such  alloys  of  sodiuo 
with  mercury  are  often  msed  instead  of  sotlium  in  chemical  investiga 
tions,  because  in  combination  with  mercury  sotlium  is  not  easily  ac 
on  by  air,  and  is  a  mass  heavier  than  water,  and  therefoi-e  more  con%*( 
nient  to  handle,  whilst  at  the  same  time  it  retains  the  principal  pr 
perties  of  sodium.''^ 

It  is  easy  to  form  an  alloy  of  mercury  and  sodium  hai'ing  a  cryst^ 
line  structure,  and  a  dehnite  atomic  composition  NaHg;,»  The  alloy 
sodium  with  hydrogen  or  sodium  hydride^  Na.^H,  which  ha^i  the  externa 
appearance  of  a  metal,  *^  is  a- most  instructive  example  of  the  character 
istics  of  alloys.  At  the  ordinary  temperature  sodium  does  not  abeorlj 
hydrogen,  but  from  300°  to  421°  the  absorption  takes  place  at  tb^ 
ordinary  pressure  (and  at  an  increased  pressure  even  at  higher  tem-S 
peratures),  as  shown  by  Troost  and  Hautefeuille  (1874),  One  volume 
of  sodium  absorbs  as  much  as  *238  vols,  of  hydrogen.  The  met« 
increases  in  volume,  and  when  once  formed  the  alh>y  can  be  preserve 
for  some  tune  without  change  at  the  ordinary  temperature,  Th^ 
appearance  of  sodium  hydride  resembles  that  of  sodium  itself  ;  it 
as  soft  as  this  latter,  when  heated  it  becQuies  brittle,  and  decompos 
above  300'*,  evolving  hydrogen.  In  this  decomposition  all  the  pheno* 
mena  of  dissociation  are  very  clearly  sho'ivn — that  is,  the  hydrogen 
evolved  has  a  definite  tension/'^  which  correspoiids  with  each  defiriit 
temperature.  This  confirms  tlie  fact,  that  tlie  formation  of  suVistance 
capable  of  dissociation  is  only  accomplished  witliin  the  limits  of  tlw 
dissociation.    Sodium  hydride  melts  more  easily  than  sodium  itself,  an 

the  latent  heat  ol  fuBion  (of  aioinie^  qtiantitioB)  of  Hg  —  360  (Penoime),  Na  =  1 
(JoftiuuB),  And  K  =  610  cidoriea  (Joaimii)). 

^"  Allo^rt  &re  ao  similar  to  Bolafciona  (exhibiting  such  complete  piuaUeUBDi  in  prop 
ties)  that  they  ft.re  ooniA.inefl  in  the  siuue  c]a»R  of  tio-called  indeEntte  compounds  (CL 
ter  I<)>  Bat  in  nlioyn,  as.  substances  punaiug:  from  the  liquid  to  the  Bolld  staUs,  it 
easier  to  dmcovor  the  formation  of  definite  chemical  corapouiide,  and  therefore,  in  ordf 
to  arrivG  at  a  confect  tinderfttanding  of  Eolntione,  it  is  very  important  to  study  «Uoy 
111  addition  to  this,  they  an*  of  themselvea  of  coiiRiderable  intereigt.  The  combination  i 
ftodium  with  hydrogen,  whero  the  change  of  physical  propertiea  is  so  ei^-ident  and  when 
the  COQSen'ation  of  cliemical  properties  and  easy  dif^f^oc^iatton  are  so  apparent^  ought  ill 
this  re«pcM!t  to  supply  much  towards  an  understand ing  of  alloys  and  also  of  aolniion*. 
AlloyR  ftnd  ftolntions  are  homogeneous  \  if  the  de€oni]x>f>ition  has  couunencedor  increaced 
we  may  not  perceiTe  it,  but  the  pioducta  of  the  Bplittin;^  np  of  the  alloy  No^H  an»  helero- 
ireneona  \  tliey  are  visible. 

^^  PotABsium  fonnB  a  similar  compound,  but  litkinm,  under  the  Biune  clream&tAHoe*, 
does  not. 

**  Namely,  the  tenBton  of  dissociation  of  hydrogen,  j:>,  in  millimetres  of  merctiry,  \m  ? 

1 5=      sao**      BGO^      m^      4W      4ao^      430'' 
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then  Uoes  not  undergo  decomposition  if  it  is  in  an  atmosphere  of  liydrogen. 
It  oxidisefl  easily  in  air,  Viut  not  so  easily  hs  potassium  hydride.  The 
chemical  reactions  of  s<xlium  are  retained  in  its  hydride,  and,  if  we  may 
so  express  it,  they  are  even  increased  by  the  addition  of  hydrogen.  At 
all  events,  in  the  properties  of  aodium  hydride  ^^  we  see  other  properties 
than  in  such  hydrogen  c<»mpuujids  as  IICI,  H.^O,  H;,N,  H,C,  or  even 
in  the  gaseous  metallic  hydrides  AsHg,  TeH.^.  But  platinum,  palladium, 
nickel,  and  iron,  in  al>sorbing  hydrogen  form  compounds  in  which 
hydrogen  is  in  a  similar  state.  In  them»  as  in  sodium  hydride,  the 
hydrogen  is  compressed,  absorbed,  occluded  (page  141). 

The  most  important  property  of  sodium  is  its  power  of  easily  deconi- 
|>osing  water  and  fvofviwj  hydrogen  from  the  majority  of  the  hydrogen 
compounds,  and  especially  from  all  acid  and  hydrate  compounds  in  wliich 
hydroxyl  ought  to  V>e  recognised.  This  depends  on  the  power  of  sodium 
of  combining  with  the  elements  which  are  in  combination  with  the  hydro- 
gen. We  already  know  that  soilium  disengages  hydrogen,  not  only  from 
water,  hydrochloric  acid, '^  and  all  other  acids,  but  also  from  ammonia, 
4iltbough    it   does   not    tlisplace    hydrogen   from   the   hydrocarbons.*^ 

^  In  general,  during  the  ronnation  of  alloya  the  vo1uni«&  cbimge  very  slightly,  And 
therefore  from  Ibe  volQititi  of  Na^H  eome  id&a  may  be  forttied  of  the  voiumo  of 
hydrogen  in  a  mrMd  or  liquid  state.  Archimedes  even  ooucluded  that  tlii^re  wom  gold 
in  an  alloy  of  copf^er  utid  gold  by  reason  of  tt.s  volume  and  deuBity,  From  the  iwci  tlmi 
the  density  of  NurxH  in  equal  to  Oil6l>,  it  may  be  seen  that  the  volume  r>f  47  gmms  (the 
pram  molecule)  of  this  compotuid  =  lU'O  cc.  Tlie  volume  of  40  graiuis  of  eodium  con- 
iaiiied  in  the  Na.jH  i^  eqiml  (the  density  \i\  the  triune  conditionH  0^97)  to  ^7'4  c.c.  Tliere- 
fore  the  volume  of  1  gram  of  hydrogen  in  NiiniH  is  equal  to  1*6  c.c,  and  cou<»equently  the 
density  of  metallic  hydrogen,  or  the  weight  of  I  cc,  apiironchet*  \H\  griun.  Thie  deusiiy 
is  also  proper  to  the  hydrogen  tklluyed  witlt  potaneium  and  palhulium.  Judging  from  the 
ficanty  information  which  is  ut  pres^ent  availahle,  liquid  hydrogen  near  it^  ahsolat^ 
boLlingpoini  (Chapter  II.)  has  a  far  leHii  density. 

It  ought  to  be  mentioned  that  sodium  hydride,  according  to  the  osuaJ  equivalency  of 
Hit  with  O,  correu(>onds,  not  with  the  ojkide  NiWjO,but  with  the  suboxide  of  ^odium^NatO, 
and  if  we  judge  the  atomicity  of  elements  by  hydrogi^n  comtHJUnd»,  sodium  ought  to  be 
counted  as  iseniivaleni.  According  to  the  law  of  aubstitution,  N»i  ought  to  be  taketi  ai> 
univalent  in  all  its  ordinary  coatbinailous  .  Na^jO,  NaCl,  N&HO,  NaHSOt^^'c.  Therefore 
Bodiutu  hydride  belongs  to  ^e  series  N%X,  and  nut  NaX. 

^  H.  A.  Schmidt  remarked  that  completely  dry  hydrogen  chloride  is  decompo«ed 
with  great  difficulty  by  godiuxnf  al though  the  dt^comportition  proceetln  euMly  with  potas* 
»ium  and  with  Bodium  in  moist  bydrt»geii  chloride,  Wanklyn  alsrt  remarketl  that  sodium 
buruH  with  great  difficulty  in  dry  chlorine.  Probnbly  in  relation  tn  tliis  there  is  a  corre- 
HfHmdeuce  with  other  phenomena  observed  by  Dixon,  who  found  tliat  cxnmpletely  dry 
carbouic  oxidi^  doe**  not  explode  with  oxygen  nn  pA^sing  an  elettric  spark. 

^*  As  *wxliuin  doe*i  not  diKjihice  hydrogen  from  the  hydrocarbon n,  it  may  be  pmervtfd 
in  liquid  hydrucarbons.  Nttphtha  is  generally  ui>Mfd  for  tliii*  puqiose,  as  it  contiista  ol  a 
inixtnre  of  various  liquid  hydrocarbons.  However,  in  naphtha  aodium  usually  beoomea 
coated  with  a  crust  composed  of  matter  produced  by  the  lurtion  of  the  Hodmm  tm  certaiji  ol 
tlie  fiuhiitanceH  ctintaii»*^d  in  the  mixture  composing  oaphtlia.  In  order  that  sodium  may 
retain  its  tufi>tre  in  naphtha,  secondary  octyl  alcohol  is  added,  (Tliis  alcohol  is  obtained  by 
distilling  castor  oil  with  cuuistlc  ivotaah.)  Potaasiiim  and  twdinm  keep  well  in  a  mixture 
of  pure  beuxeue  and  nuphilialene. 
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Sodium  bunis  both  in  chlorine  and  in  oxygen,  evolving  much  he 
These   properties  of  sodium  an?  closely  connected  with   its  power  of 
taking  up  oxygen,  chlorine,  and  ahnilar  elementvS  from  most  of  theia 
comp*>unds.     Just  as  sodiura   removes  the  oxygen  from   the  oxides 
nitrojQjen  and  from  carbonic  anhydride,  so  also  does  it  decotopose  tbq 
majoiity  of  oxides  at  definite  temperatures.     Here  the  essence  of  ti 
matter  is  the  same  as  in  the  decomposition  of  water,    Tims,  for  instanc 
when  acting  on  magnesium  chloride,  the  sodium  displaces  the  ixiagn0 
fiium,  or  when  acting  on  aluminium  chloride  sodium  displaces  metallic 
aluminium.     Sulphur,  phosphorus,  arsenic,  and  a  whole  series  of  other 
elements,  also  con^t»hie  with  sodium.^'"' 

With  oxt/f/en  sodium  unites  in  three  degrees  of  combination,  for 
a  suboxide^  Na^O,  an  oxidd  Na,jO,  and  a  peroxide,  NaO.  They 
thus  termed  because  Na./)  is  a  Imsic  oxide  (with  water  it  forms  a  htme 
hydroxide),  but  NA|0  and  Ka*  >  do  not  form  corresponding  saline 
compounds.  The  suboxide  is  a  ^rey  inflammable  substance  which 
easily  decomposes  water,  disengaginjLj  hydrogen  ;  it  is  formed  by 
slow  oxidation  of  socliura  at  the  ordinary  temperature.  The  peroxid 
is  a  greenish  yellow  substance,  fusing  at  a  bright  red  heat  ;  it  is  product 
by  burning  sodium  in  an  excess  of  oxygen,  and  it  yields  oxygen  whe 
treated  mth  water  : 

Suboxide:  NXO^  ?SHsO=4NaHO  +  H2^7 

Oxide  :  NajO  +  Hp=2NaHO  <» 
Peroxide:  Na04H.,0=2NaH0  +  0 


I  other 


**  If  twjditim  dcneij  not  directly  (IxHplnce  tbe  bytlrogi^D  iu  hyclronatbon i*,  stili  hy  md 
meiin^  tionipoiandB  mny  be  obtaineil  which  contain  uodinm  luid  hydrfx'arboii  ji^roups.  Sn 
of  thetMi  eonipotmda  have  been  produced,  although  not  in  a  pur©  stute.  Tims,  for  mst^fici 
Rinc ethyl  ZiMC.jHa)^, when  treiitt*d  with  Hodiuin, loses idnc ami  forniB aodiuin etUyU C»HvN^ 
but  thifld(?cniiipr»flition  ianot  coin|3lete,  and  the  compounci  formed  t^Hunot  be  ^epafntetl  I 
distillation  from  the  rtniiaitung  ziiic  uthyl.  In  this  combination  tht?  <*n«ri;y  of  thtj  ccmHh 
clearly  app^earft,  lor  which  reason  it  reiicts  with  BuhsbmceB  cuiitnining  hiJoids,  «i.y|f 
(Sro.j  and  direetlj'  abaorbB  otttrbonici  anhydride,  tonning  a  (udt  of  a  cArl>oxylic 
(proi>ionic). 

*'  A  comjioundj  NiVrCl,  whiih  corresponds  with  the  suboxide,  is  evidently  fornu 
when  a  galvunic  currtmt  is  passed  through  fused  common  salt ;  the  sodium  liberated  di* 
Bolvea  in  tbe  common  wdt,  and  docs  not  septinit©  from  the  compo\iiid  eiU)<t*r  oji 
ing  or  on  treatment  with  mercury*  It  is  therefore  stipposed  to  be  KitjCl ; 
more  so  as  the  niAHH  obtaiinad  vfiven  bydrofrpn  when  treated  with  water:  NajClnh! 
=  H  +  NaHO  +  NftCl,  that  is,  it  acta  like  suboxide  of  sodium.  If  Na^Cl  really  «xtftls  «« I 
talt,  then  the  corresponding  bane  Na|0,  lu^cordin^^  to  the  example  of  other  bftses  of 
compoaition  M^O,  onght  to  b6  called  a  quatf  marj*  oxide.  According  to  certam  cTid 
ft  suboxide  is  formed  when  tMn  Bheeta  or  fine  drops  of  sodium  ilowly  oxidise  iu  ] 
»ir. 

**  Ac^onling  to  ob»ervations  easily  made,  nodi iim  when  fused  in  air  oxidines  boi  i 
not  hum*  the  corabtistion  only  commencing  with  the  foniiationol  viipotir — tliat  ift^wlienc 
aiderably  heated.  Davy  and  Karsten  obtained  the  oxides  of  potaaaiumt  K3O,  Mid  ol  aodiuifi. 
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All  three  oxides  form  sodium  hydroxide  with  water,  but  only  the 
oxide,  NajU,  is  directly  trniisformed  into  a  hydrate.  The  other  oxi<les 
either  liberate  hydrogen  or  oxygen  *  they  also  present  a  similar  dis- 
tinction with  reference  to  many  other  agents.  Thus  cartionic  anhydride 
combines  directly  with  the  oxide  Na20,  which  when  healed  in  the  gas 
l>ums,  forming  sodium  carbonate^  whilst  in  this  case  the  peroxide  ^^  also 
yields  oxygen.  When  treated  with  acids,  sodium  and  all  its  oxides  only 
form  the  Sidts  corresponding  with  sodium  oxide^ — that  is,  of  the  formula  or 
type  NaX,  Thus  the  oxide  of  sodium  Na.jO  is  f/r*9  ot»/y  Bak-JbrTninff 
oxide  of  tliia  metal,  as  water  is  in  the  ciise  of  hydrogen.  Although  the 
peroxide  H3O3  is  derived  from  hydrogen,  yet  there  are  no  correspond- 
ing salts  known,  and  if  they  are  formed  they  are  prolmbly  as  unstable  as 
hydrogen  peroxide  itself.  Although  carbon  forms  carbonic  oxide,  CO, 
Btill  it  has  only  one  siilt-forming  oxide — ^carbonic  anhydride^  CO^. 
Nitrogen  and  chlorine  both  give  several  salt-forming  oxides  and  types  of 
salts.  But  of  the  oxides  of  nitrogen,  NO  and  XO^^  do  not  form  saltsj 
as  do  N2O3,  N^O,^  and  N.^O^ij,  but  N^O^  does  not  fonn  special  salts, 
and  NgO^  corresponds  with  the  higheist  form  of  the  saline  compounds 
of  nitrogen.  Such  distinctions  between  the  elements,  according  to 
their  power  of  giving  one  or  Sfjveral  saline  forms,  is  a  radical  property 
of  no  less  importajice  than  the  basic  or  acid  properties  of  the  oxides 
produced.     Sodium  as  a  typical  metal  does  not  fonn  any  acid  oxides, 


Na^O,  by  heniing  the  metal  §  with  their  by  droxideii,  whence  NilHO  +  NubKbijO  +  Hi  bat 
N.  N.  Beketofl  failed  io  obiaiB  oxides  by  Uiiti  meana.  He  ftrepansd  them  by  ditvctly 
igmting  tbe  mebalB  in  dry  air,  and  afterwardti  beating  with  the  metal  in  urder  to  detitroy 
any  peroxide.  The  oxide  Na^O  produced^  when  heated  in  an  aimosphure  of  hydrogen, 
gave  amixtofeof  eoditim  and  ifea  hydroxide:  Na^O  +  HaNaHO  +  Na  («(^<t  Chapter  IL 
Note  ti).  li  both  the  obiierTations  meiniioned  are  accurate,  iheo  \^m  reaction  iarevemible. 
Sodinm  oiide  ought  to  be  formed  daring  thu  dtsoomiwiiition  of  tiodium  carbonate  by  oxide 
of  iron  (tM*e  Note  26ji,  and  during  the  decomposition  of  aoditim  nitrite.  According  to 
Karsiun,  ita  itptvcihc  gravity  i^  2*8,  according  to  Buk^tofT  2'3.  The  diflicnlty  in  obtiuning 
it  tft  owing  to  an  excess  of  «M»diam  forming  the  snboxide,  m\di  an  excess  of  oxygen  the 
peroxide.  The  grey  colour  peculiar  to  the  suboxide  and  oxide  {jerbaps  shoirs  that  tliey 
contain  metttlltc  sodium.  In  addition  to  thin,  in  the  presence  of  water  it  may  contain 
iiodium  hydride. 

**  Of  the  oxides  of  sodium,  that  easiest  to  form  iia  tbe  peroxide  NaO  or  Na^O^ ;  this 
ia  obtained  when  sodium  iti  burnt  in  an  exceHt>  of  oxygen.  Wbt* u  heated  with  iodine 
vapour^  it  loaen  oxygen:  Na:tOj  +  l3:«=NftaOLj-f-0.  The  compound  Niv/Jl>  is  akin  to 
the  comijound  Cu.jOClj  obtained  by  oxidising  CuCl.  This  reaction  is  one  of  tlie  few 
where  iodinci  directly  displaceti  oxygen.  The  uiiib8t4Uiee  Na^^OLj  it*  aoJuble  in  water,  and 
iwben  acidified  gives  free  iodine  and  a  sodium  salt.  Carbonic  oxide  ii>  absorbed  by  heated 
Aodium  peroxide  with  fommtion  of  sodium  carbonate:  Na.^CO^— Na.^0.j4-C0,  whilst 
carbonic  anhydride  liberates  oxygen  from  it  With  nitrous  oxide  it  reacia  thas :  NagO^ 
+aNaO  =  2NaN03  +  N2;  witli  nitric  oxide  it  combines  directly,  forming  a  nitrite,  NaO 
+  N0  — NaHOa,  Sodium  iieronide,  when  treated  with  w^ater,  does  not  give  hydrogen 
perox^ide^  because  the  latter  in  tlie  jiresence  of  the  alkali  formed  (Nft^^Oi  +  aHjO-aNaHO 
■Jh  H20<|)  decomposes  into  water  and  oxygen* 
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whilst  chlorine,  being  a  typical  non-metal,  does  not  form  bases  with 
oxygen.  Therefore  sodium  as  an  element  may  be  thus  characterised  : 
it  forms  one  very  stable  salt-forming  oxide,  NajO,  having  powerful 
basic  properties,  its  salts  are  of  the  general  formula,  NaX,  therefore 
in  saline  compounds  it  is,  like  hydrogen,  a  univalent  element.'^o 

On  comparing  sodium  and  its  analogues,  which  will  be  described  later 
with  other  metallic  elements,  it  will  be  seen  that  those  properties, 
together  with  the  relative  lightness  of  the  metal  itself  and  its  com- 
pounds, and  the  magnitude  of  the  atomic  weight  of  sodium,  comprise 
the  most  essential  properties  of  this  element,  clearly  distinguishing  it 
from  others,  and  enabling  us  easily  to  recognise  its  analogues. 

^  By  heating  Bodinm  in  dry  ammonia,  Gay-LusHac  and  Th^nard  obtained  an  olire- 
green,  easily-fuBible  mass,  sodamid-ef  NH'^Na,  hydrogen  being  separated.  This  inib- 
stanoe  with  water  formB  sodimn  hydroxide  and  ammonia;  with  carbonic  oxide,  CO,  it 
forms  sodium  cyanide,  NaCN,  and  water  HsO ;  and  with  dry  hydrogen  chloride  it  formn 
sodium  and  ammonium  chlorides.  These  and  other  recw:tions  of  sodamide  show  that  the 
metal  in  it  preserves  its  energetic  properties  in  reaction,  and  that  this  oompoond  of 
■odium  is  but  little  more  stable  than  the  corresponding  chlorine  amide,  although  itdoen 
not  show  its  property  of  spontaneous  decomposition,  which  is  evident  from  tlie  difference 
between  the  properties  of  metallic  sodium  and  gaseous  chlorine.  When  heated,  sodam- 
ide, NHgNa,  only  partially  decomposes,  with  evolution  of  hydrogen,  the  principal  part  of 
it  giving  ammonia  and  sodium  nitride,  NajN,  according  to  the  equation  dNH^Na^SKH- 
+  NNas.  ^o  latter  is  an  almost  black  powdery  masn,  decomposed  by  water  into  ammonia 
and  sodium  hydroxide. 
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POTASSIUM,    RUBIDIUM,    CESIUM,    AND    LITHIUM.       SPECTRUM    ANALYSIS 


Just  a-»i  the  series  uf  halogeiLS,  fluorine,  bromine,  and  iodine,  correspond 
with  the  clilorine  contained  in  common  salt,  so  there  also  i^xists  u  cor- 
responding series  of  elements :  lithium,  Ii^7,  potasaiuoi,  K=39, 
rubidium,  Rh=85,  and  caesium,  Cs^l^S,  which  are  analugnus  to  the 
sodium  in  common  sidt.  These  elements  bear  as  great  a  resemblance 
to  sodium,  Na=23,  as  fluorine,  Fs=19,  bromine,  Br=60,  and  iodiiie, 
1=127,  have  to  chlorine,  C1^3n*5.  Indeed,  in  a  free  st^ite,  these 
elements  are,  like  sodium,  soft  metals,  which  rapidly  oxidise  in  moist 
air,  and  decompose  water  at  the  oixiinary  temperature,  forming  soluble 
hydroxides,  having  clearly  defined  basic  properties,  and  the  cumposi- 
tion  RHO,  like  that  of  caustic  si>da.  The  resemblance  between  these 
metab  is  sometimes  seen  with  striking  clejirness,  especially  in  com- 
pounds sticb  lis  salts.  The  correspinding  si\lt«  of  nitric,  sulphuric, 
carbmic,  and  nearly  all  acids  with  these  metals  have  many  points  in 
common.  The  metals  which  resemble  sodium  so  much  in  their  reac- 
tions are  termed  the  metah  of  the  alkalis. 

Among  the  metals  of  the  alkalis,  the  most  widely  distribute<l  in 
nature,  after  sodium,  is  potassium.  Like  sodium,  it  does  nut  appear 
either  in  a  free  state  or  as  oxide  or  liydrnxide,  hut  in  the  form  of  saltSj 
which  present  much  in  common  with  the  salts  of  sodium  in  the  manner 
of  their  occurrence.  The  compounds  of  potassium  and  sodium  in  the 
earth's  crust  occur  its  mineral  compounds  of  silica*  With  silica,  SiO^, 
potassium  oxide,  like  sodium  oxide,  forms  saline  mineral  substances 
like  glass*  If  diflerent  other  oxides,  such  as  lime,  CaO,  and  alumina, 
Al^O^,  combine  with  these  compounds,  there  is  formed  glass,  or  a 
glassy  stony  mass,  which  is  distinguished  l>y  its  great  stability.  It  is 
such  complex  silicious  compounds  as  these  which  contain  potash 
(potassium  oxide),  K.^0,  or  soda  (sodium  oxide),  Na.,0,  and  some- 
times  both  together,  silica,  SiO.^,  lime,  CaO,  alutnina,  AIP;^,  and  other 
oxides,  that  form  the  chief  mass  of  rocks,  out  of  which,  judging  by 
the  distribution  of  the  strata,  the  chief  mass  of  the  accessible  crust 
(envelope)  of  the  e^irth  is  made  up.     Tlie  primary  rocks,  like  granite, 
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porphyry,  Jtc.,^  are  fcmiierl  of  sueh  erystalline  ailicious  rocks  as  tlieN^'. 
Tlie  oxides  entering  into  the  con^position  of  tliese  rucks  do  not  fonu  i 
homogeneous  amorphous  mass  like  gbiss^  but  are  distributed  in  a  seria 
of  peculiar,  aud  in  the  majority  of  cases  crystalline,  compouiids,  into 
which  the  primary  rockia  may  be  divided.  Thiis,  as  has  Ijeen  already 
mentioned,  granite  contains  felspar,  quartx^  and  mica.  Potash  iind 
soda,  (fee,  are  generally  found  in  these  component  parts  of  rocks.  Thus 
a  felspar  {orthoclaae)  in  granite  contains  from  8  to  15  per  cent,  of  poUs- 
slum,  whilst  another  variety  (plagioclase)  which  also  occurs  in  gmnik 
contains  1  12  to  6  per  cent,  of  potassium,  and  6  to  12  per  cent,  of  sodiunj. 
The  mica  in  granite  contains  3  to  10  per  cent,  of  potassiiins.  A& 
has  already  been  mentioned,  and  will  he  further  explained,  the  friahle. 
crumbling,  and  stratified  formations  which  in  our  times  cover  <• 
large  part  of  the  earth's  surface  have  been  formed  from  these  priinan 
rocks  by  the  action  of  the  atmosphere,  and  of  water  containing  car* 
bonic  acid.  It  is  evident  that  in  the  formation  of  thene  friable  fomw- 
tiona  from  the  primary  rocks  by  the  action  of  water,  th*fe  compounds  of 
potassium,  as  well  as  the  compounds  of  sodium,  must  have  been  dis- 
solved by  the  water  (as  they  are  soluble  in  wat^^r),  and,  therefore,  tJjr 
compounds  of  potassium  must  be  accumulated  together  with  those  d 
sodium  in  sea  water.  And,  indeetl,  compoujids  of  potassium  are  always, 
as  we  have  already  pointed  out  (Chaps.  I.  and  X,)  found  in  sea  loaUr, 
This  forms  one  of  the  sources  from  which  they  are  extracted.  Aftw 
the  evaporation  of  sea  water,  there  remains  a  mother  liquor,  which 
contains  potassium  chloride  and  a  large  proj>ortion  of  magnesion) 
chloride.  On  cooling  this  solution  crystals  separate  out,  whicli  contain 
chlorides  of  magnesium  and  potassimn.  A  double  salt  of  this  kin<i» 
called  carimlliie^  KMgCl 3,611^0,  occurs  at  Stassfurt.  This  carnallite' 
is  now  employed  as  a  material  for  the  extraction  of  potassium  chloridts 
aud  of  all  the  compounds  of  this  element.^     Besides  which,  potassium 

1  The  origiu  of  tlie  iinmury  rockn  ]i&h  beeu  menlioued  iu  Cliup.  X.  Note  2. 

*  Carnallite  belongs  to  the  number  of  double  isaltH  wlikb  aire  directly  decoju|iOfi«d  bj 
vr&tor,  ttud  it  only  crystal lijies  from  «olutiifm»  wbicb  coutiun  tm  exctut^  of  tua^evtnift 
chloride.  It  miiy  W  pre'i>iire<l  artiiiciiilly  by  mixing  strong  solutions  of  [M>tafisiuin  wa^ 
magneaiiim  chlorides,  wlien  cwlourlfwi*  taryiitiilfi  of  ap,  fgr.  1  tkJ  ^tiparatOf  Trhilst  the  SiMO- 
furt  (uv!t  ie  UBuaLJy  of  a  reddiiilb  tint,  owing  to  traeeu  of  iron.  At  the  ordimirj  tmnpetm^ 
ture  sixty-five  portH  of  eiirn^ibitu  Ate  »oluhl«  in  one- hundred  jiartH  of  iva.ter  in  the  m- 
fteiice  of  uiJi  ex<7eBS  of  tbt*  ault.  It  dellquceiceti  in  the  air,  forming  a  Bolutiou  of  magM- 
mum  chloride  unci  leiiviiig  pobisiiiiiim  chJoride. 

^  The  method  of  i^epurnting  aodinni  clilorid*^  from  {>otR»H}um  chloride  h«A  hm^ 
degeribed  on  p.  73.  On  evfl£M>rution  of  u  mixtar**  of  tlit  uttturnted  ^lutions,  aodioiu  chloridi 
aep&rateu;  und  then,  on  cooling,  potaHHiuin  ehloride  wptirmtf  s^  owing  to  the  diJTeraiioeof 
the  variation  of  th«ir  Holubibtie^  with  the  teinpemture.  The  following  are  ih«  mod 
triifitwortby  figures  for  the  solubility  of  potasifium  chlvrid^  in  one  hundred  ti^ft*  oi 
WAter  (for  tMxUum  chloride,  we  Chap.  X,  Not<i  lA) ; — 

lo*^         aa^         40'         60^         100° 
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chloritle  itself  is  sometimes  found  at  Stassfurt  as  ^ylvint;.  By  a 
method  of  double  saline  decomposition,  the  chloride  of  potassium 
may  he  convert^^d  into  all  the  other  potassium  salts/  some  of 
which  are  of  practical  use.  The  potassium  salt5  have,  however, 
their  greatest  importance  as  an  indis|>ensable  component  of  the  food 
of  plants,* 

When  mixed  with  Holytmiii}  uf  otlier  Biiltn  the  tj<iluhility  of  potaH^tam  ehloride  Daturidly 
Ta.ne8,  but  not  to  any  great  extent.  The  ftpecific  grw^-ity  of  the  i?ioKd  salt  in  109 — that  is, 
less  than  tha.t  of  aodioiu  chJoride.  AU  the  Baits  of  BodJuui  are  K{>ecifiei&lly  heavier  tliiui 
Ihe  conrnHpanding  salts  of  potiifiHium,  ilh  are  also  their  aoluliuuH  tor  equal  percentage, 
oompoettionfi.  If  ihe  Hjieinfic  gravity  of  water  at  4^  =  10000,  th«n  at  IS"*  tiie  Hpctiiic 
jp'aTitf  of  &  volution  of /j  p.c.  potaseium  chloride sn9[MiS  +  (U}'3&2J  +  0'2!i6p',  and  therefore 
Jor  10  p.o.-l(MJi7,  20  p,c\  =  1134«.  Arc. 

PotaKHiam  ehloride  combines  with  iodiriff  trichloride  to  fonn  ivconiiK)imdKCl  +  ICl5  = 
KlUli,  of  A  yellow  cH>lour,  which  is  fu»ihle,  Uhk-^h  the  lodiue  trithluride  at  a  red  heiit,  and 
givei  potaeHiiun  iodate  and  hydrochloric  acid  with  water.  It  is  not  only  formed  by 
direct  coatbination,  but  al*M3  by  many  other  methodn;  for  inntaue^,  by  passing  chlorine 
into  a  solution  of  pfjtastiiuiji  iodide  wj  lung  a?)  th<y  gat*  in  abuwirbed  KJ  +  2Cla«=KCl,IClit 
FotaBHiuin  iodidt*,  when  treated  with  potuHKium  elilomte  and  Ktrong  hydrochloric  acid^ 
alio  gives  this  eom pound ;  another  method  for  the  formation  of  which  is  shown  by  the 
eqoAtion  KCiOs  ^  1  +  tiHCl  =  KCl.lCla  +  3C1  -t-  ;iH^O.  This  i»  u  kind  of  a  nolt  correspond, 
ing  with  KIO.j  (unknownj  in  which  the  taygeti  h  replaced  by  chlarine.  If  atomicity  i» 
token  as  a  isitartiBg  point  in  the  t^tudy  of  chemical  eomjxiund*^,  and  It  the  elements  are 
coniiidered  OS  hibvmg  a  constant  atomicity  (number  of  bondi*)— that  Uf  if  K,  Cl^  and  I 
be  oounted  as  tmivolent  elements — then  it  la  impo^i^ible  to  explain  tlie  formation  of 
such  a  compound,  luetause,  according  to  thi»  view,  univalent  elemeiit«  are  only  able  to 
form  dual  cumiH>undB  with  each  other  ;  for  example^  KCt,  Cll^  KI^  Arc.,  whilst  here  tliey 
are  grouped  together  in  the  molecule  KIC1|, 

*  It  is  posaible  to  directly  exlritct  the  comjwundfl  of  potassium  from  the  primary 
rocks  which  are,  especially  in  wome  localitteH,  ito  widely  dintributied  over  the  earth's 
surface.  From  a  chemical  |>oint  uf  view  tliin  pmhlem  pn^hcnts  nu  difficuHy ;  for  in* 
stance^  by  fusing  |«3wdered  orthi>cU»e  with  lime  and  fluor  wpar  (WjiU*d'H  mt^thod)  uad 
tlien  extracting  the  alkali  with  water  (in  the  fuHiuu  the  ^^ilica  give»  an  insoluble  GOtll> 
pound  with  hmejt  or  by  treating  the  orthocla^  with  hydrofluoric  acid  (in  whioh  case 
Biiicon  fluoride  is  evolved  as  a  ganl  it  is  possible  to  transfer  the  alkali  of  tlie  ortlioolose 
io  on  nqneons  Bolution,  and  to  t«parate  it  in  this  luaoner  from  the  other  insoluble  oxides. 
ThvM  after  treating  with  hydrofluoric  acid,  many  fluorides  are  obtained  in  solution, 
chiefly  the  fluoriden  of  aluminium  and  potassium.  If  the  solution  be  evaporated  and 
t$ulphuric  acid  then  added,  hydrofluoric  acid  is  evolved  and  the  metals  are  obtained  as 
sulphates.  On  adding  smmonia  to  the  solution  of  these  salts^  the  aluminium  is  precipi^ 
tate<I  ab  hydrozid«i,  and  the  salt«  of  anunonia  ai^d  potassium  remain  io  solution.  The 
ammonia  sjult  is  thtui  decompotied  by  igoitiugj  and  the  potaA*ium  »nlphate  if*  obtained 
jilone.  Huwever^  oKyet  there  is  no  profit  in^  nor  neceH»ity  for^havink^  recourse  to  ihiti  treat- 
ment, OH  there  still  exisL  abundant  sources  for  the  extraction  of  potatisium  compounds 
by  cheaper  methods.  Furthertuorey  tlie  salts  of  potaHsiuin  are  now  in  the  majority  of 
cliemical  reactions  replaced  by  salts  of  Hodium^  cKpecially  since  the  preparatiimof  Hodium 
carboiiale  has  been  fiunlitated  by  Lebhinc's  method.  The  replacement  of  potassium 
compfimids  by  Hodium  couiixjunds  not  only  presents  the  advantage  that  the  liolts  ol 
sodium  are  in  general  cheaper  than  thi:>se  of  |»ota;<siun:ij  but  alno  that  a  lei^s  t|uantity  of  a 
Mo<itum  Halt  is  needed  for  a  given  reaction  tluui  of  a  potassium  salt^  because  the  combiu> 
ing  weight  ol  sridium  (*i3]  is  less  than  that  of  (Hjtaasium  (3iU). 

^  It  luiH  biH.'n  tihowu  by  direct  experiment  ou  the  cultivation  of  plants  in  artificial 
soils  and  j.n  solntious  that  under  conditions  (physical,  chemical,  and  physiological)  otheT' 
wise  identical  plants  are  able  to  thrive  and  become  fully  developed  in  the  eutiri;  absence 
of  sodium  salts,  but  ihut  their  development  is  impossible  without  potassium  salts. 
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The  pi'iiuary  rocks  contain  an  almost  equal  proportion  of  potassium 
and  sodiurii-  But  in  sea  water  the  compounds  of  the  latter  metal  prt^ 
dominate-  It  may  Le  asked^  what  became  of  the  compounds  of  poUs- 
Bium  in  the  (ii.sintegration  of  th«  primary  rocks,  if  so  sn121.ll  a  quautitj 
went  to  the  sea  water  ?  They  remained  with  the  other  products  of  the 
deeomix)sition  of  tlie  primary  rocks.  When  granite  or  any  other 
similar  rock  t'ormation  is  disintegrated,  there  are  formed,  t>esides  the 
fioluble  substances,  also  insoluble  substances — Siind  and  finely-divided 
clay,  containing  water,  alumina,  and  silica.  Tliis  clay  is  carried  a  war 
by  the  water,  and  is  then  deixisited  in  strata.  It,  and  especiallj 
its  admixture  with  vegeUibla  remains,  retain  cojnpounds  of  potiissiutu 
in  a  greater  quantity  than  those  of  sodium.  This  has  been  proved, 
with  aljsolute  certainty,  to  be  the  case,  and  is  due  to  the  ahmrjim 
ptfwer  0/  fhr  »oiL  If  a  dilute  solution  of  a  potassium  compound  be 
filtered  through  C€»mmun  mould  used  for  growing  plants^  and  con- 
taining clay  and  the  remains  of  vegetable  decomptjsition,  it  will  b* 
found  to  liave  retained  a  someM^hat  considerable  percentage  of  the 
fjotassiuni  compounds.  If  a  salt  of  potassium  be  taken,  then  during 
the  filtration  an  equivalent  quantity  of  a  salt  of  calcium — which  is  also 
found,  as  a  rule,  in  soils — is  set  free.  Such  a  process  of  trltratian 
through  finely-cli\-ided  earthy  substances  proceeds  in  nature,  and  tb? 
compounds  of  potassium  are  everywhere  retained  by  the  friable  earth 
in  con.siderable  quantity.  This  explains  the  presence  of  so  small  im 
amount  of  potassium  salts  in  the  water  of  rivers,  lakes,  streams,  m^ 
oceans,  where  the  lime  and  soda  have  accumulated.  The  compounds  of 
potassium  retained  by  the  friable  mass  of  the  eaHh  are  absorbed  as  an 
aqueous  solution  by  the  roots  of  planfjt.  Plants,  as  evei-y  one  knows, 
wlit^n  burnt  leave  an  asli,  and  this  ash,  besides  various  other  substanc««i 
without  exception  contiiins  conijKJUiids  of  jwjtiissium.  Many  laud 
plants  contain  a  very  small  amount  of  sodium  compounds,®  whilst 
potassium  and  its  compounds  occur  in  all  kinds  of  vegetable  ask 
Among  the  generally  cultivated  plants,  grass,  jn^tatoes*  the  tunii|\ 
and  buckwheat  are  particularly  rich  in  potassium  compounds.  Tli' 
avsh  of  plants,  and  especially  of  herbaceous  plants,  buckwhe^^t  stniv, 
sunflower  and  potato  leaves  are  used  in  jjractice  for  the  extraction  of 
potiissium  compounds.  There  is  no  doubt  that  potassium  occurs  in  the 
plants  themselves  in  the  form  of  complex  compounds,  and  often  as  sail* 
of  organic  acids.  In  certjiin  cases  such  salts  of  potassium  are  even 
extracted  from  the  juice  of  plants.  Thus,  sorrel  and  oxalis  for  example, 
contain  in  their  juices  the  acid  oxalate  of  ^wtassium,  C5(HK04>  which  1* 

^  If  h(^rbivcfH)ti6  plontn  contain  umcli  eodiQin  f^ltis  H  is  evident  that  th(*so  ntklim  nmknill 
proceed  from  the  BodimTi  ciompouudfl  in  the  water  ubiwrbed  hy  the  plants. 
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loyed  for  renioring  ink  stains.  Grape  juice  contains  the  so-called 
cream  of  tartar,  which  is  the  acid  tartrate  of  potassium,  C^H:,KOgJ 
This  salt  also  separates  as  a  sediment  from  whie.  When  the  plants, 
containing  one  »>r  more  of  the  Siilts  of  potassium,  are  burnt,  then  the 
carlM>naceoiis  matter  is  oxidise<l,  and  in  consequence  the  potassium  is 
obtainml  in  the  ash  as  carbonate,  K^jCO^j,  which  is  generally  known 
as  jmltuhe^.  Hence  potashes  occur  ready  prepai"«fd  in  the  ash  of 
plants,  and  therefore  the  ash  of  land  plants  is  employed  as  a  souixe 
for  the  extraction  of  potaiisium  compoumls.  Potassium  carbonate  is 
extracted  by  lixiviating   the  ash  with  water. ^     Potassium  carbrmate 

''  Ah  pliints  iklways  contaiu  mliieml  HubHtaiicett  And  ciuitioi  tlirl^e  in  n  sphere  which 
dncft  not  eoutitii)  lUenA,  eHpecirtlly  which  \%  free  from  the  sails  of  the  four  l>d»ic  oxides^ 
K:.0.  CiO,  M;;0,  iinii  FejO-v.  and  of  the  four  iu.id  oxides,  CO^,  NjO^,  PjOj.  and  SO:,,  'he 
f|UeHtion  involuntarily  arii^u  »h  to  whut  piU't  tb(*H«  pluy  in  the  dcvelopnient  of  plants. 
With  Lhti  present  blure  of  ehLUuical  datu  only  one  aiiBWer  m  \}fim\hl*i  to  thiti  ([ueHlioii^ 
■Jid  it  is  utill  only  a  hypothcfviH.  Tliis  answer  was  purticularly  dearly  expressed  by 
ProfeH8fir  GnHtnvfion  of  the  Petroflftky  Agricultural  Academy,  Starting  from  the  fact 
(Chap.  XI.  Note  55)  tliat  a  ««mu.l]  quantity  of  alaminiuui  renders  pti^Bible  and  facilitiite» 
the  reaction  of  bromine  on  hydrc»carl>onR  at  the  r^rdinnni'  temi>erature,  it  in  eai^y  to  arrive 
Bt  th«*  conclusion^  which  i^  very  prcubable  iind  in  accordance  with  many  data  reyjieoting 
the  renctionK  of  organic  compounda,  that  the  addition  of  mineral  wubHttnu'eH  to  organic 
compounds  lowers  the  temperature  of  reaction  and  in  ijeneml  facilitatefi  chemical  reac- 

»tioiia  in  plants,  and  thu»  aids  the  conversion  of  the  moHt  simple  nourishing  fiuhfttances 
into  the  complex  component  partft  of  the  plant  organifira.  Tlie  proviti«:o  of  chemical 
reactionei  prix-et^ding  in  or^nic  viubHtancesf  in  the  presence  of  a  Miiall  tjuantity  of  minoml 
aobstances  has  a*  yet  been  but  little  investigated,  alUiouph  there  are  already  ^veral 

»diftcounectcd  data  of  thi^  kind,  and  uUhough  a  Kroat  deal  is  known  concerning  such  rwac- 
tionM  lunon^^  inorp^anic  ci>nipoundh.  The  essence  of  the  matter  may  bt*  expresaed  thu»— 
two  «ubHtance(ii,  A  and  B,  do  not  react  on  each  other  of  their  own  accord,  but  the  addl^ 
tioii  of  a  small  fjmuitity  of  a  third  pitrtitularly  active  substance^  C,  producefi  the  reac- 
tion of  A  on  Bt  becaufic  A  combineh  with  C,  fomiH  AC,  and  B  reacts  on  tiiia  new  cora- 
pnund,  which  h*i*  a  different  iitore  of  chemical  energy,  fonnin^f  the  comfMJund  AB  or  ita 
products,  and  setting  C  free  again. 

It  may  here  be  remarked  that  all  the  mineral  substances  neceaaary  for  pUnts  (thoae 
enumerated  at  the  beginning  of  the  note)  are  the  highest  naline  compounds  of  their 
elemcnlK,  that  they  enter  into  theplanta  as  Kaltu,  that  the  lower  forma  of  oxidation  of  the 
aame  elements  (for  instance,  i^ulphitcK  and  phoephiteB)  are  harmful  to  plants  Ipoisonoaii)^ 
and  that  iiitroug  solutions  of  the  t.alt>t  ani^iniilated  by  plants  (their  onmotic  pref^ure  ia 
great  and  contracts  the  cells,  an  De  Vrie^  ahowed,  tiee  p.  Wi^l)  not  only  do  not  enter  into 
the  plants  but  kill  them  (p<iiMon  them). 

Besideii  which,  it  will  lie  understood  from  the  preceding  paragraph  that  the  aalts  of 
potassiom  may  become  exhausted  from  the  ioil  by  long  cultivation,  and  that  thiire  may 
therefore  be  caiiie^  when  the  direct  fertilisation  by  saltti  of  pota&aiunj  may  be  j>roti table. 
But  manure  and  animal  excrements,  auhes,  and,  in  genertd,  nearly  all  refii§e  which  may 
aenre  for  fertilising  the  soil,  contain  a  confiiderahlo  quantity  of  ptjtafii^ium  ftalts,  and 
therefore,  ae  regard**  the  natural  aalta  of  potassium  fStaAsifurtJ^  and  euperially  potoKsium 
sulphate,  if  they  often  itnprove  the  crops^  it  is  in  all  pruhubihty  l>ecaufte  they  iniluence 
the  prnpertieb  of  ihc  ftoil.  The  agriculturist  cauuut  therefore  be  advised  to  add 
potassium  salts,  without  making  (special  experimeots  showing  the  advantage  of  such  & 
fertiliser  on  a  given  kind  of  ftoil  and  plant, 

^  The  animal  body  also  contains  potassium  compounds,  which  is  natural,  ainceaxiimalt 
consume  plants.    For  example,  milk,  and  e«pect&Ily  woman's  miUr,  contains  a  aomewhai 
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anay  alsci  be  obtained  £1*0111  the  chloride  by  a  method  similar  to  that  b^ 
which   sodium  carbonate  is  prepared  from   sodium    chloride*     There 

«onalderi4.bl«  qutLiitit}'  uf  poUbaaiiim  comiKiauds.  Howeirer,  oow'b  in  ilk  contains  but  liMll 
paiaagimu  gaits.  Sodium  compounds  gunemUy  preclominnte  ia  aiiintu.!  bodiet.  Hl 
■excFL^intiiit  of  anituiii^j  find  enpecially  uf  tierbiTorouH  ttniiiial».  on  tlie  contr^trj.  often  oodl 
tuitiB  a  liirgti  proportion  of  potassium  &alta.  Thus  sheep^n  dung  is  rick  in  them^  «dii4  ]fl 
wti^hin^  ^heep'H  wool  HaltK  of  potaHr^iuui  paas  into  the  water.  9 

The  aah  uf  tree  ateiub^,  as  the  already  doniiant  portion  uf  Ute  phuit  (Chjip,  V  Jjfl 
Note  1)^  €outaiiie  little  potasih.  For  the  extraction  of  potaiihf  which  was  fon-merir  (bdUfl 
the  discovery  of  the  Bta.sBfurt  Bait)  carried  on  ext^iiHively  in  the  eitat  of  Hu9ai%  ibe  tmk 
>of  grasaes,  and  tht:"  greeu  portions  of  potAto«ft,  buckwheat,  <ko,,  are  tiUceu  aud  tre»i«J 
with  Wftt«r  (Iixi\iate<Vi,  the  (Solution  is  evAporated,  and  the  reaidue  igntt4?d  in  order  to 
destroy  the  organic  matter  preHent  in  fiie  extract.  The  residue  tlma  obtained  ii  aam- 
posed  of  raw  poiaHh.  It  is  refined  by  a  gecond  dissolution  in  a  ^mail  quantity  of  wtUtr 
because  the  potash  itself  is  very  soluble  in  water,  whiUl  the  imparities  ajr^  spatillgljr 
suluble.  The  solution  tliii£  obtaiued  is  again  evaiK>rat<5d,  and  the  reaidae  ijgfnited^  tai 
this  potash  is  theu  called  rettued  potjvsh,  peiu-laBh.  TUih  method  of  tr«atinenl  eMai 
^ive  ehtiiniually  pure  jKitasmum  tuirbunnte.  A  certain  amount  of  imparities  rettttift^ 
To  obttkiu  chemically  pnre  potjiHsiiirn  carbtmate,  some  other  i*alt  of  potai»aium  ia  ps^- 
rally  taken  and  purified  by  crystallisation,  FotaB»jijm  carbonate  cryHtalliseft  wtthdift 
cuity,  and  it  cannot  therefore  Ik;  puriiied  hy  this  means,  whilst  other  Halts,  auch  ms  lb» 
tartrate,  acid  carlxnmt*,  suliihate,  or  nitrate,  ilc,  crystallise  easily  and  may  that  U 
directly  ptirilied.  The  tartrate  is  mo«t  frequently  taken,  all  the  more  as  iL  i^  prvptfrai 
in  inrge  quantities  for  medicinal  une  under  the  name  of  cream  of  tartar^  Wl^ 
ignited  without  the  access  of  air^  it  leaves  a  mixture  of  cliiircoal  and  |K>tii^*ai]]st  tm 
bonate.  Tbi'^  charcoal  is  then  obtained  in  a  finely-divided  condition  (this  mixInM  w 
called  *  black  Hux/  and  in  soint'tluieH  used  for  reducing  metids  from  their  oxide«i^  bf  ill 
aid  of  beat).  A  certain  quantity  of  nitre  is  added  to  hum  the  charcoal  fonned  ^9 
heating  the  cream  mf  tartar.  Potassium  carbonate  thus  prepared  iti  further  pi]irtfi«dl  I9 
converting  it  into  the  acid  salt^  hy  passing  a  current  of  carbonic  aiLhydrtde  tliroQ^ 
a  strong  solution*  KHCO3  is  then  formed,  whidi  is  less  soluble  thaii  the  nonnal  mX 
(u  is  thfi  case  with  the  oorrespoudiug  srxlium  salts),  and  therefore  er>  »ta!s  uf  lite  tdl 
Aidt  separate  from  the  solution  on  cooling.  \Vlien  ignited,  they  part  with  their  iMH 
and  carbonic  anhydride,  and  pure  potassium  carbonate  remain m  behiud.  The  pbjwit 
prox>erties  of  potassium  carbonate  distinguish  it  with  suflicient  distinctuettfi  from  aoltai 
carbonate ;  it  m  obtauied  from  solutions  as  u  powdery  white  mass,  1ui.\^q^  an  albi]^ 
iaflte  and  reaction,  and,  as  a  rule,  shows  only  traces  of  crystallisation.  It  alsio  attrvEM 
the  moisture  of  the  air  with  great  energy.  The  crystals  do  not  contain  water,  btf 
absorb  it  from  the  air,  deliquescing  into  a  saturated  solution.  It  melts  at  n  fed  Init 
(8110'^),  and  at  a  stlli  higher  temp^^raturft  is  even  converted  into  vapour,  aa  ha*  bi« 
obnerved  at  glaaa  works  wht^re  it  is  employed.  It  is  very  soluble.  At  %}yt 
temperature,  water  diBsolves  an  otjual  weight  of  the  salt.  Crysiala  con 
equivalents  of  water  separate  from  such  a  satnrattid  solution  wImth  atroi 
There  is  no  necessity  to  describe  its  reactions,  because  they  are  entirely 
those  of  sodium  carhunate.  When  manufai:tured  siKlium  carliomwte 
known,  the  cor!»uiiq>tion  of  potassium  carbonate  wafe*  very  considerable,  aiid 
waaliing  soda  is  frequently  replaced  for  household  purposes  by  *  ley  '- — i\e,  nj^  aat 
solution  obtained  frtini  ashes.  It  contains  potassiitm  carbonate,  which  act«  hke 
sodiuin  salt  in  washing  tissues^  linen,  iVc. 

A  mixture  of  luitaHHiuiu  and  swliuni  carbonate  fuses  with  much  greater  eaaeUuu 
«aparate  salt>i,  and  &  mixture  of  their  sulutions  gives  salts  of  a  Brie  eryattUlJLKie' 

(Marguerite*!*  saltj,  K.;CO.;,nH.,O;iNa;jCO,-„0lip.  Crystalhiuttiou  alto 
ceeds  La  other  multiple  propijrtions  of  K  and  Na  (in  the  abttve  case  1 :  2,  but  1  :  1  and  1:1 
are  known),  and  always  with  0  mcd.  H^^O.  This  is  evidently  a  combination  bg  nfnihffMK  f* 
in  aUoys,  solutions,  &c. 
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is  no  difficulty  in  obtaining  any  salt  of  potassiuiu — for  example,  the- 
sulphate,^  bromide,  and  iodide  *** — ^by  the  action  of  the  corresponding^ 

^  Pitt fUui urn  aulphfite,  K.jSO^^  crystaUiftew  from  ii§  Ho!utionfl  in  an  anlijrtlr'His  eoodi- 
tion,  in  which  re«peet  it  diffeni  from  the  corres jwnding  «odiiiin  fuvit,  jimt  a»  ]H:ituHAimu  car- 
bounty  ilifierA  from  sodium  curlxmnto,  Iii  gti&tiriiL,  it  iiiuiit  be  ahii^rvecl  Uiat  the  niajoritjr 
of  sodium  KallK  conibitie  mom  ea»ity  witli  water  of  cryfttntlifiation  than  tho  {MjtAAttiuin 
b^Hn.  The*  Holubility  of  potaaitiutn  KuJphaifi  does  not  Khow  the  siuni*  p^calinritieB  as 
Hcxliuni  tiulphiit^^  l>eciui>*e  it  does  not  combine  with  water  of  cryHtalHsivtion  ;  at  th& 
orditnnry  U'nif>er}iturti  100  purtH  of  water  disttolre  about  10  parts  of  ilw  Rait,  at  0*^  8  3 
p«rt«,  and  at  100°  abfrnt  2«  ittirts.  The  acid  sulphate^  KHSO^,  obtained  easily  by 
fieatinir  cri'HtaU  of  the  nonual  k&U  with  Hulphuric  acid,  i^  fr«>rjuent1y  employed  in 
(.'hemical  {iraetice.  Oii  heating  tbe  mixtare  of  A«id  and  Halt,  f times  of  Kulphurie  acid  aro 
at  fir^t  ^veii  off;  when  tbey  c«as«9  to  be  4)vo1Y€^d,  the  acid  salt  ih  contained  in  the  rHu^idue. 
At  a  hijfher  temr^nitnre  (of  Above  800°)  tlie  acid  Milt  p&rta  with  nil  the  acid  contiiiiiit^d  in 
it,  the  normal  B4ilt  beingre-fomifHl.  The  definite  coni]xiftition  of  this  acid  saH,  and  the 
ease  with  whi*_'h  it  docompoaes,  render  it  exceeilingly  valunble  for  certain  i-bemiciil  trann- 
formatiouB  aecompLiNhed  by  meani»  of  sulphuric  fLcid  at  a  liigh  tt?mp«ratiire^  Wcaune  it  ia 
possible  to  take,  in  the  form  of  tliia  Halt,  a  strictly  definite*  f|uantity  of  ttnlphoric  acid, 
and  to  mii  on  a  given  8ubMt&ncE^  at  a  hij^h  temperaturep  which  it  ik  often  neceHsary  to  do^ 
more  eHpeciitlly  in  rht^niical  Analymn.  In  thiH  case,  the  acid  »aU  acts  in  exactly  the 
6&iue  m&nuer  tin  liulphnric  acid  ttM!^]!f,  but  the  action  of  tlie  latter  ik  iniHrnvenient  at 
lemperatnrefi  nboTii  iWP^  befmnie  it  would  all  evaporate^  wldle  at  that  ieni|H«ruture  the 
Acid  salt  attll  remainH  in  a  fu^ed  Btate,  and  aei«  with  the  elements  of  i^nlphuric  actd  on 
the  substance  taken.  Hmice  by  iti$  meiUiB  the  boiUn^-point  of  tiulphnric  atnd  is  raised. 
Thus  the  acid  |)otaft&iiiin  sulphate  is  employed,  for  example^  where  for  cojivertuon  of 
certain  oirideii,  Htich  ah  the  oxides  of  iron^  altmiinimn;*  and  chrominin^  into  solts^  a  high 
temperature  is  required. 

Weher^  by  beating  potasHiam  sulphate  with  on  exceits  of  snlpbnric  acid  at  100^, 
obsened  tbe  lomiation  of  a  lower  stratQiR,  whtcli  was  found  to  contain  a  definite  com- 
pound contAiniug  ei^ht  eqnivalentH  of  SO,-;  per  equivalent  of  K^O.  Tlie  w»Uh  of 
rubidium^  cfPfiium^  and  thalHum  give  a  similar  result,  but  thoiie  of  s<:Kliam  and  hthium 
do  not. 

1^  The  bromide  and  iodide  of  potassium  ore  used,  like  the  CQfTeBponding  sodiam 
oompoiwds,  in  medicine  and  photography.  Potassium  iodide  is  easily  obtained  in  a  pure 
stale  by  satnrutinf?  n  Koluiion  of  hydriodic  acid  with  caustic  ]iotaHh.  In  practic;e«  how- 
ever* ibi«  method  ift  raitily  had  recourse  to,  other  more  simple  pro<!efises  bein^  em- 
ployed althr>ugh  thrjij--  dn  not  jfive  so  pure  a  prridoct.  They  aim  at  tlie  direct  formation 
of  bydriodir"  acid'  in  thti  licjtiid  in  the  presence  of  potossiom  hydroxide  or  carbonate. 
ThuH  itKliiuji  JH  throwTi  into  a  Kohiiion  of  pure  potash,  and  hydrogen  snlphide  passe*! 
thro«|i;h  the  mixture,  the  iodine  Wing  thun  converted  into  hydriodic  acid.  Or  a  nnltstion 
is  prepared  from  phosphorus,  iodinr%  and  water,  containing  hydriodic  and  phosphoric  acid : 
lime  is  then  added  to  thin  solution,  and  calcium  iodide  is  obtained  in  sohitinn,  and 
calcium  phosphate  as  a  precipitate.  The  solution  of  calcium  iodide  gives,  with  potassium 
carbonate,  inKolnhle  calcium  carbonate  and  a  stjlntion  of  potasHium  i»ididt*.  If  iodine  is 
added  to  a  slightly-heated  solniionof  canstie  potash  (free  from  carbonate — that  is,  frenhly 
prepared),  so  long  as  the  snlntion  is  not  coloured  from  the  presence  of  an  exceBs  of  iodine, 
then  there  ik  formed  (a^  in  the  action  of  chlorine  on  a  solution  of  caustic  fiotash)  a 
mixture  of  potassium  iodiile  and  iodate.  On  evapomting  the  solution  thus  obtained  and 
igniting  the  residue,  the  iodate  is  destroyed  amd  convert4?d  into  iodide,  the  oxygen  lieing 
disengaged,  and  potassium  iodide  only  is  left  l»ehind.  On  dissolving  the  residue  in  water 
and  then  evaporating,  eubieat  crystals  of  the  anhydrous  salt  are  obtained,  which  are 
Kolnble  in  water  and  alcohol,  fuse  and  give  an  alkaline  reaction,  owing  to  the  fact  that 
when  ignited  a  portion  of  the  salt  decomposes,  forming  potassium  oxide.  Tbe  neutral 
■alt  may  be  obtained  by  adding  hydriodic  acid  to  this  alkaline  salt  until  it  gives  an 
acid  reflation.  It  is  best  to  add  •ome  finely-divided  charcoal  to  the  mixtiire  of  iodate 
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acid  on  the  carbonate,  whilst  the  hydroxide,  caustu'  jxjtash^  KHO,  which 
ts  in  many  respects  analogous  to  caustic  soda,  b  easily  obtained  by 
means  of  lime  in  exactly  the  same  manner  as  soilium  hydroxide  is  ure* 
pared  from  sodium  carbonate.^'  Therefore,  in  order  to  complete  our 
knowledge  of  the  alkali  metals^  we  will  only  describe  two  saJta  of 
potassium  which  are  of  practical  importance,  and  whose  anaJogueB  h«?e 
not  been  described  in  the  preceding  chapter 

Potiunum  cyanide,  which  presents  in  its  chemical  relatiODB  a  eertam 
analogy  with  the  halogen  S£ilts  of  potassium,  is  not  only  formed  ac«onl 
ing  to  the  ef4iiation,  K110H-HCN=H.jO-f  KCN,  but  also  when- 
ever  a  nitrogenous  carbon  compound — for  instance,  animal  matter —is 
heated  in  the  presence  of  metallic  potassium,  or  of  a  compound  of 
potassium,  and  even  when  a  mixture  of  potash  and  carbon  i^  heated  in 
a  stream  of  nitrogen.  P^jtassium  cyanide  is  obt^iined  fi-om  y^hw 
prujBsiate  (p.  401),  which  has  been  alre^^dy  njcntioned  and  wbose  pit^ 
paration  on  a  large  scale  will  be  described  in  speaking  of  iron-  U 
the  yellow-  prussiate  be  ground  to  a  powder  and  dried,  so  that  it  lo«i 
its  water  of  crystallisation,  then  it  melts  at  a  red  heat,  and  decompose 
into  carbide  of  iron,  nitrogen,  and  potassium  cyanide,  FeK^C^N^^ 
tKCN  +  FeC^-f  Nj.  After  the  decomposition  it  is  found  tlmt  th* 
yellow*  salt  has  been  converted  into  a  white  maiis  of  potassium  cvanide. 
The  carbide  of  iron  formerl  collex^ts  at  the  bottom  of  the  vessel     It 


And  ic>dide  Ijefore  igniting  it»  m  it  fiicilitftteB  the  evolulioii  of  the  oxygen  &om  the  idb^ 
Tho  iodttte  may  also  he  couvertvd  into  iodide  by  tins  action  of  certain  reducuur  MfcoU. 
such  HH  zine  anialgiuti,  wbiL^U,  ivlitiji  boiled  with  a  eolulioti  coutamin^  an  iod^ie,  laan^vft* 
it  into  iodide,  FotiiMHiuiu  iudide  rtuty  iilso  be  prepckred  by  mixing  a  ftolution  of  tmrrom 
iodide  (it  i^  beut  if  the  hudiitiim  ethntains  tui  exeeRS  of  iodiuef  and  potai^iiiaxxi  C4xboisAUu  A 
which  case  ferrouB  carkjimtti,  FeCOj,  i»  precipitatt»d  (with  an  exee^a  of  iodine  Ui*  |ir»- 
vi[»itatt.^  ie  grantiUrt  and  eontaiuH  a  comptmad  of  the  ttuboxlde  and  oxide  of  iron),  whiSt 
potaertium  imlide  remaiiis  in  solution.  Ferrous  iodidi?,  Fel.^,  U  obtained  bv  iJie  dlfed 
actiom  of  iodine  on  iron  in  water,  PotaflsiuTn  iodide  conMiderably  lowers  the  U^mperaton 
(even  by  24"^),  wlien  it  diHHolvtfH  in  water,  100  parts  of  the  hhU  diRPolve  in  73-5  nuru  U 
water  at  VI  b"^,  in  ?•>  parts  at  IH^,  wUiiat  the  sfttLiratt*d  solution  which  bfiild  at  l20^  cod* 
tains  100  parta  of  salt  per  45  x>art»  of  water.  SolutionM  of  pota»aitiiu  iodide  disaolv*  i 
considerable  amount  of  iodine;  strong  Bolutions^  even  digftolving  as  mucli  or  more  **>*W— 
thftn  they  contain  aH  |>ota6aitmi  iodide  (§ea  Chap  XI.  Note  fii). 

'I  Caustic  pota-nh  ifl  not  only  formed  by  the  motion  of  lime  on  dilute  solutkuit  d 
potaasium  carbonate  (a»  Aodiuni  hydroxide  h  prepared  from  sodium  carbonate} t  boialai 
by  iginiing  ixjtftSHium  nitrat«  with  finely-divided  copj>er  (*tf<f  Note  16),  and  also  by  iniiii^ 
Btilutiotiii  of  pc«t4iB»ium  sulphate  (or  even  of  alum.  KAIS^OhI  and  bariuui  b}dmz}^ 
BuH'pa-  It  19  sometimew  purifit'd  by  dissolving  it  in  rtlcobol  (the  impuritiej*,  for  <*xA(ii]%lt, 
IKJluttsium  fiiilphttte  atid  carbonat*',  are  not  difisolved)  and  then  evaiKirating  ih«  alcohol. 

The  ap^cific  gravity  of  potaBhium  hydroxide  in  tiO^*  but  that  of  ita  Aoliitintm  (w^ 
Chap.  XIL  Note  IH)    at  W  S --IHithS-f  IHNji  +  OtiH//'  (bire  ;i»  i»   +.  and    fcr  ..^lintn 
hydrttxide  it  i»  — ).     Strong  AolutiouH^when  cooled,  yield  a  crjstallo-hydrul**,  K  J  ' 
which  dinftolveB  in  water,  producing  (like  2NaHO,7HjO^  c«ld,  whiUt  potassium  i. 
in  solution  developii  a  oonBiderable  amount  of  heat. 
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the  mass  thus  obtained  be  treated  ^ith  water,  the  potassium  cyanide 
is  partially  decomposed  by  the  water,  but  if  it  be  treated  with  alcohol, 
then  the  cyanide  is  dissolved,  and  on  coiiUng  separates  in  h  crystalline 
form.*-  A  solution  of  p(jtasBium  cyanide  has  a  powerfully  alkaline 
reaction,  a  smell  like  that  of  bitter  almonds,  peculiar  to  prussic  acid» 
iind  acts  as  a  most  pt>worful  poison.  Although  exceedin^dy  stable 
in  a  fused  stAte,  potassium  cyanide  easily  changes  when  in  sijlution. 
PruBsic  acid  is  so  very  feebly  energetic  thai  even  water  decomposes 
potassium  cyanide.  A  solution  of  the  salt,  even  witlicmt  access  of  air, 
easily  turns  brown  and  decomposes,  tmd  when  heated  evolves  ammonia 
and  f*>rnis  potassium  formate  ;  this  is  easily  comprehensible  from  the 
representation  of  the  cyanogen  compounds  which  was  developed  in 
Chap.  IX.,  KCN  +  2H,0=CHK0j  +  NH,v  Furthermore,  as  carbonic 
anhydride  acts  on  potassium  cyanide  with  pvolution  of  prnssic  acid,  and 
as  potassium  cyanate,  wdiicli  is  also  unstaljle,  is  formed  by  the  actioB  of 
air,  it  will  be  easily  seen  that  solutions  of  potassium  cyanide  are  very 
iinst-able.  Potassium  cyanide,  contaitung  as  it  doe-s  wirbon  ami 
potassium,  is  a  substance  which  can  act  in  a  very  vigorously  reducing 
■  manner,  especially  when  fused  ;  it  is  therefore  tised  as  a  powerful 
^keducing  agent  at  a  red  heat.  A  considerable  tjuantity  of  p4»tassium 
^^janide  is  used  in  the  arts,  more  particularly  for  the  preparation  of 
metallic  solutions  which  are  decomposed  by  the  action  of  a  galvanic 
^current  ;  thus   it  is  very  frequently  employed  in  electro-silvering  and 
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^^  III  Ihifl  ease  It  £a  evident  that  (ill  thc^  cyiinogen  wliich  waii  i»  combiiuition  with  tht* 
iron  i<i  deecmipo«ed  into  nitrogen,  which  is  evolved  aa  ^as,  and  into  v&rhtm,  which  com- 
biner wiUt  the  iron.  In  order  to  &void  thifl^  potaagiuin  ciuriiiOiiaUf  i*  lulded  to  the  yellow 
pru&atute  while  it  is  being  fustud.  A  mixtaro  of  B  parth  of  uiiliydrouii  yellow  pniHtHiikto 
mud  8  porta  of  pore  pota<&i>iitm  cAr(>oniit<}  is  generally  taken.  On  facing,  double  decom- 
poBiiion  takes  pl&ce,  retiulting  in  the  formation  of  ffsrroos  carbonate  and  potasfiinm 
cyanide.  Bat  by  thia  method ^  as  by  the  first,  a  pture  Halt  is  not  ubtitined,  (1)  1>ecaufie  li 
portion  of  the  potaeainm  cyanide  ia  oxidised  at  the  expenae  of  the  iron  carbonate  and 
fomii  potaesium  cyanate,  FeCOs  +  KCN  =  COg  +  Fe  +  KCNO ;  (2)  a  portion  of  tlie  iron 
under  the  action  of  the  water  again  posses  into  aolntion ;  and  (S|  the  potaftsium  cyanide 
very  easily  forms  oxide,  which  acta  on  the  sides  of  the  veeiiel  in  which  the  mixtnre  !« 
heated  (to  avoid  this  iron  veseeh»  nhoold  be  used),  &c.  By  addiu]^  one  part  of  chiu-coal 
powder  to  the  miztnre  of  9  parts  of  anhydrous  yellow  pmsaiate  and  3  parts  of  potassium 
earbouate  a  moae  ia  obtained  which  is  free  from  cyanate^  iMcaoae  the  carbon  absorbs  the 
oxygen,  but  then  it  i»  impossible  to  obtain  a  colourless  potassium  cyanide  by  Bimple 
fusion^  although  this  may  be  conily  done  by  dissolving  it  in  iklcuhoL  Naturally,  pure 
potassium  cyanide  may  be  easily  obtained  if  hydrocyanic  acid  be  saturated  with  caustic 
poteilif  and  •specially  if  canstio  potash  be  disaolved  in  alcohol  and  hydrocyanic  acid  gas 
be  passed  through  this  solution ;  crystals  of  potassium  cyanide  then  S4?{)arate  directly  from 
the  solution.  Potaftsium  cyanide  is  now  prepared  in  large  qUi^ntitien  from  yellow  prussiste 
for  gilding  and  silvering.  \¥hen  fused  in  Urge  quantities  tbo  octiou  of  tlie  a^yg^n  of  the 
air  is  limited,  and  the  entire  operation  may  be  condnrt^'d  with  great  care,  and  therefore, 
on  a  large  scale  very  pure  salt  is  sometimes  obtaineil.  When  alowly  cooled,  the  fused 
aalt  separates  in  cubical  orystals  like  potassium  eUk>ride. 
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gilding.  An  alkaline  solution  is  prepared, ^^  which  is  moderateljr  J 
owing  to  the  fact  that  potassium  cyanide  in  the  form  of  certain  daub 
salts— that  is,  combined  with  other  cyanides — -is  far  more 
than  when  alone  (yellow  prussiate^  which  C4>ntains  potassium  cya 
in  combination  with  ferrous  cyanide,  is  an  example  of  this).  The  | 
pertyof  potassium  cyanide  of  giving  doul>le  salts  with  other  cyanides  i 
very  clearly  sliown  by  the  fact  that  many  metals  dissolve  in  a  solutio 
of  potassium  cyanide,  w^th  the  evolution  of  hydrogen*  For  exnnif 
iron,  copper,  and  zinc  act  in  this  manner.  In  which  case  pota^siii 
hydroxide  is  formed  ;  for  example — 

4KCN-|-2H20  +  Zn^K,ZnC\N4-f2KHO-hHj. 

Gold  and  silver  are  soluble  in  potassium  C3"anide  in  the  presences 
air,  in  which  case  the  hydrogen,  which  might  }je  evolved  in  the  reActioiLl 
combines   with    the   oxygen   of   the  air,  forming  water.       Platimi 
mercury,  and  tin  are  not  dissolved  in  a  solution  of  potassium  c^ 
even  with  the  access  of  air. 

Potus^ium  nitrate  J  or  common  nitre  or  aaltpetre^  Kl^Og,  is  chl* 
used  as  a  component  part  of  gunpowder,  in  which  it  cannot  V>e  replno^d' 
by  the  sodium  salt,  because  the  latter  is  deli(]uescent.     It  is  nece^san 
that  the  nitre  in  gunpowder  should  be  perfectly  pure,  as  even  small 
traces  of  sodium,  magnesium,   and  calcium  sidts,  especially  ch!oridi?S|J 
render  the  nitre  and  gunpowder  cafmble  of  attracting  moisture,     Nili 
may  easily  be  obtained  pure,  owing  to  its  great  disposition  to  fa 
crystals  lioth  large  and  small,  which  aids  its  separation   from  otliei 
salts.     The  considerable  differences  between  the  soiubilitv  of  nitif*4 
different   temperatures  aids  this  crystallisation,     A  solution   of  nitit| 
saturated  at  its  boiling  point  (116^)  contains  335  parts  of  nitre  to  10 
parts  of  water,  wlulst  at  the  ordinary  temperature — for  instance,  50"- 
the  solution  is  only  able  to  retain  32  parts  of  the  salt.     Thereforf^,  iflj 
the  preparation  and  retuiing  of  nitre,  its  solution,  saturated  atj 
boiling  point,  is  cooled,  and  nearly  all  the  nitre  is  obtained  in  the  \ 
of   crystals.     If  the   solution    he  quietly  and  slowly  cooled   in  Ijutf 
quantities  then  large  crystals  are  formed,  but  if  it  be  rapidly  cooled  awl 
agitjited  then  small  crystals  are  obtained.     In  this  manner^  if  not  ftBl 
at  all  events  the  majority  of  the  impurities  present  in  small  quantiuii^l 
remain  in  the  mother  liquor.     If  an  unsaturated  solution  of  nitiv  1 
rapidly  cooled,  so  as  to  prevent  the  formation  of  large  crystals  (in  whoael 
crevices  the  mother  liquor,  together  with  the  impurities,  would  i 
the  very  minute  crystals  of  nitre  known  as  saltpetre  floui*  are  *.. 

IS  The  eleuiro-deposilion  oi  metals  g^nerall^  prooeeds  more  uaiiormlT  cad  £iwi 
purer  deposit  frum  alkitlint!,  than  from  acMcl,  loIuiioxiiB. 
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Common  nitre  occurs  in  nature,  but  only  in  small  quantities  in 
admixture  with  utht^r  nitrates,  ami  especially  with  sioiliuio,  magnesium^ 
ant]  calcium  nitrates.  Such  a  mixture  of  skills  of  nitric  acid  is  formed 
in  nature  in  fertile  earth,  and  in  those  localities  where,  as  in  (he  soil^ 
nitrogenous  organic  remains  are  decomposed  in  the  presence  of  alkalis 
or  alkaline  bases  with  free  access  of  air.  This  method  of  the  formation 
of  nitrates  requires  moisture,  besides  the  free  access  of  air,  and  takes 
^laoe  principally  during  warm  weather.  Besides  which  Bchloessing  and 
[untz,  by  employing  similar  methods  to  Pasteur,  showed  that  the  for- 
mation of  niti*6  in  the  decomposition  of  nitrr>genotis  substances  is 
accomplished  by  the  aid  of  peculiar  micro-organisms  (ferments)  without 
which  the  siumltant^ous  action  of  the  other  necessary  conditions 
(alkalis,  moisture,  a  somewhat  elevated  temperatui'e,  air,  and  nitroge- 
nous substance^s)  cannot  give  nitre.  In  warm  countries,  and  in  tempe- 
rate climates  during  the  summer  months,  fertile  soils  produce  a  small 
quantity  of  nitre.  In  this  respect  India  is  especially  known  as  affording 
a  considerable  supply  of  nitre  extracted  from  the  ^oiL  The  soil,  wliich 
contains  nitre,  after  the  rainy  season  sometimes  becomes  covered 
during  the  summer  with  crystals  of  nitre,  formc^l  by  the  evaporation 
of  the  water  in  which  it  was  pre\^ously  dissolved.  This  soil  is  col* 
lected,  subjected  to  repeated  lixiviations,  and  treated  for  nitre,  as  will 
be  presently  described.  In  temperate  climates  nitrates  are  obtained 
from  the  lime  rubbish  of  demolished  buildings  which  have  stolid  for 
many  years,  and  especially  from  those  portions  which  have  touched 
the  gro«nd.  The  conditions  are  there  very  propitious  to  the  foi-ma- 
tion  of  nitre,  because  the  lime  used  as  a  cement  in  buildings  contains 
the  Ijase  necessary  for  the  formation  of  nitrates,  while  the  excrement, 
urine,  and  other  animal  refuse  are  sources  of  nitrogen.  By  the  metho- 
-dieal  lixiviation  of  this  kind  of  rubbish  a  like  solution  of  nitro- 
genons  salts  is  obtained  as  by  the  lixiviation  of  fertile  soil.  A  similar 
solution  is  also  obtained  by  the  lixiviation  of  the  so-called  nitre  pUxU' 
iaiioii9.  They  are  composed  of  manure-  interlaid  with  brush-wood,  and 
istrewn  over  with  ashes  and  other  alkaline  and  lime  rubbish.  These 
nitre  plantations  are  set  up  in  those  loctdities  where  the  manure  is  not 
required  for  the  fertilis^ition  of  the  soil,  as,  for  example,  in  the  south- 
e*istern  *  black  e^rth '  governments  of  Russia.  The  same  process  of 
oxidation  of  nitrogenous  matter  free  to  the  access  of  air  and  mois- 
ture during  the  warm  season  in  the  presence  of  alkalis  takes  place 
in  nitre  plantations  as  is  accomplished  in  the  fertile  soil  and  in  the 
wralls  of  buildings.  From  all  these  sources  there  is  obtaineil  a  s<.4ution 
containing  different  salts  of  nitric  acid  mixed  with  soluble  organic 
matter.     The  simplest  method  of  treating  this  impure  solution  of  nitre 
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is  to  add  a  solution  of  potassium  carbonate,  or  to  simplj  treni  it  wixh 
ashes  containing  this  substance.     The  potassium  carbonate  enters  inW 
double  decomposition  Tjv^itli   the  caleiuni  and  magnesium  salts,    forming 
insoluble  carbonates  of  these  bases  and  leaving  the  nitre  in   solatiiiu 
Thus,  for  instance.  K.jC03  +  Ca{N0^^).^=2KK03-hCaCO3.     Both  c«l- 
cium   and  magnesium   carbonates   are  insoluble,  and  therefore   aft€r 
treatment  with  potassium  carbonate  the  solution  no  longer  cont&isi 
salts  of  these  metals  but  only  the  salts  of  sodium  and  pot^sf^ium  together 
with  organic  matter.     The  latter  partially  separates  on  heating  in  ia 
insoluble   form,  and  is  entirely  destroyed  by  heating  the  nitre  to  t 
low  red  heat.     The  nitre  thus  obttiined  is  easily  puritied  by  repeated 
crysttdlisiition.     The  greater  part  of  the  nitre  used   for  nitiking  gun- 
powder is  now  obt>iiined  from  the  sodium  salt  Chili  saltpetre  or  <?«6ie 
nitret  which  occurs,  as  has  been  already  mentioned,  in    nature.     The 
conversion  of  this  salt  into  common  nitre  is  also  carried  on   by  means 
of  a  double  decomposition.     This  is  done  either  by  adding   potASsiuoi 
carbonate  (when,  on  mixing  the  strong  and  hot  solutions,  srjdiunt  cw^ 
bonate  is  directly  obtained  as  a  precipitate),  or  as  is  navr  most  fre- 
quent, potassium  chloride.     When   a  mixture  of  strong'   solutions  of 
potassium  chloride  and  sodium  nitrate  is  evaporated,  sodiutu  chloride 
first  separates,  because  this  salt,  w^hich  is  formed  by  the  double  decom- 
position KCl  +  XaNO^^KNO^-f  NaCl,  is  almost  equally    soluble  in 
hot  and  cold  water  ;  on  coijling,  therefore,  a  large  amount  of  potMSstim 
nitrate  separates  from  the  saturated  solution,  while  the  sodium  ehh>nilt 
remains  dissolved.     The  nitre  is  ultimately  purified  by  recrystallisatioc 
and  by  washing  with  a  saturated  solution  of  nitre,  which   cannot  dU* 
solve  a  further  quantity  of  nitre  but  only  the  impurities. 

Nitre  is  a  colourless  salt  having  a  peculiar  cool  taste.  It  cssilj 
crystallises  in  long  striated  six-sided  rhombic  prisms  terminating  b 
similar  pjrramids.  Its  cr^-^stals  (sp.  gr.  1*93)  do  not  contain  water,  bat 
their  ca^dties  generally  contain  a  certain  quantity  of  the  solution  from 
which  they  have  crystal liserL  For  this  reason  in  refining  nitre,  Urg» 
crystals  are  not  obtained  but  mhpetre  Jiour  is  prepared.  At  n  lo* 
red  heat  (3^9°)  nitre  melts  to  a  colourless  Viquid.^*  Potassium  nttnte 
at  the  ordinary  temperature  and  in  a  solid  form  is  inactive  and  stAble, 

14  Before  fufiing,  the  cn'»tak  uf  potosAitint  nitrate  ^liimge  their  form,  njid  teJcw  tW 
sftiup  fonii  as  sodium  nitrate — that  ift^  they  chaiige  into  rhrnulxihedra.  Niliv  cr^mU^ 
lises  frrmi  liot  solntidUSf  iintl  in  general  tinder  the  influence  of  a  riec  of  temiK'^j^iaorv.  ui  % 
different  form  from  thjit  ifiven  at  th«  ordinary  or  lower  terapernlurijR-  Fnaed  nitri?  m.ljii>- 
fies  into  a  rtwliated  crystidlin©  nuisfl ;  but  it  d«^B  not  exhibit  thii*  simeturv  if  m<«tAlke 
chlorides  Iw  preaent,  ho  that  tliis  method  may  bo  taken  advantAg«  of  to  di*itfnnt]!v 
the  degree  nf  |inrity  of  nitre.  With  a  amall  trAce  i»f  sodium  chloride,  the  mitoB  ol  iittf» 
iiolidified  ttftor  fusion  does  not  present  any  lii^iB  of  erj'fttallisatinn  in  the  middlov 

Carnelley  ivnd  Thomson  (1888)  detertnlnt^d  th«  fusing  point  of  mixturefi  of  pol«ifiaD 
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but  a/  a  hiffh    temperalnre   it   acts   as   a   powerful   oxidising   agent, 
because  it  ^ves  up  a  considerable  amount  of  oxjgen  to  substances 

mixe<l  with  ilv*'  When  thrown  on  incandescent  ehareoal  it  brings 
about  its  rapid  combustion,  and  a  mechanical  mixture  of  powdered 
charcoal  and  nitre  igniters  when  brought  into  contact  with  a  red-hot 
substjtuce,  and  continues  to  burn  by  itself.  In  this  action,  nitrogen  is 
evolved,  and  the  oxygen  goes  to  oxidise  the  cliarcoal,  in  consequence  of 
which  potassium  carlionate  and  carbonic  anhydride  are  formed  : 
4KNOj  +  r>C=2K.C03  +  3CO,4*i'N.>.  This  phenomenon  depends  on 
the  fact  that  oxygen  in  combining  with  carbon  evolves  more  heat  than 
■it  does  in  €onibininf(  with  nitrogen.  Hence  when  once  the  combustion 
las  Wen  started  at  the  expense  of  the  nitre,  it  is  able  to  go  on  without 
requiring  the  aid  of  external  heat*  A  like  oxidation  or  combustion  at 
the  expense  of  the  contained  oxygen  proceeds  when  nitre  is  heated 
with  ditl'erent  comlmstible  substances.  If  a  mLxture  of  sulphur  and 
nitre  be  thrown  upon  a  red-hot  surface,  then  the  sulphur  bums,  form- 
ing potassium  sidphate  and  sulphurous  anhydride.  In  this  c^se,  also, 
the  nitrogen  of  the  nitre  is  evolved  as  gas  :  r^KNO^-f  28  =  K;,804-hN.j 
•f  SO2*     A  similar  phenomenon  takes  place  when  nitre  is  heated  with 

luid  Bodiam  nitmt«H.    The  firKt  aidt  hmm  At  SU'*l"  and  ibe  second  nt  310^,  ajid  if  ^  be 
th*  peroentagi*  amoutit  of  potassiuut  aiirate^  tlien  Llie  ix'snlt  fibliiiued — 

JJ  =  10  20  80  4t)  50  flO  70  «0  m 

2«8°      242°      a»i°      aar^      242°      osi®      »O0« 
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wbicli  confimiR  ShafT^otM^h's  obftervAiioti  (1857)  that  the  Irm'eBt  fiasing  pomt  (nbmii  891°) 
ia  i^\\'&a  by  miicitig  moleruUr  qo&ntitioft  (jp>=S4'5)  of  the  saltan— thiU  is,  in  tlia  formation 
of  tlie  alloy,  KNO^jNaNOj. 

A  aomewbat  Kirailar  rer»nlt  was  disw^overed  by  tbo  aarao  obwervKra  for  tbc  solubility  of 
imxttireii  of  tliosc  Halts  nt  '20''  in  100  parts  of  water.  Thu8»  Up  be  the  weight  of  potaa- 
ainm  nitrate  mixed  with  mo  —  p  part«  by  weight  of  »odiiim  nitrai«»  inkeii  for  solutioti, 
snd  e  be  tho  quantity  o!  thti  mixed  ftalts  which  dissolveH  in  lUO,  the  iolability  of  ftoditim 
nitrate  being  MS^  and  of  potaB«ium  nitrate  94,  parta  in  100  parts  of  w^t«r,  tbeu — 

i)=   10  20  8()  40  50  60  70  80  ttO 

c  =  110  ISO  18(1  im  lOQ  81  78  54  41 

The  miutiiuum  »oliibiliiy  proved  not  to  amnrer  to  the  most  fusible  niixtun^,  but  to  one 
mnch  richer  in  mMlium  nitratti. 

Both  these  pheDoznena  show  that  in  bomo^^neons  liquid  mixtures  the  chemical  forces 
Ih&t  act  between  subsLanceu  are  the  same  as  those  that  determine  the  molecular  weights 
of  «iibstAnf«B,  «veu  when  the  nvixture  consistf^  of  sueh  analogous  substances  as  potas- 
sium  and  sodium  nitraten,  between  which  there  in  no  direct  chemical  interchange.  It  i* 
insiruc'live  to  oote.  also  that  the  maxiuium  Holubility  doca  not  correspond  with  the  mini- 
mum fusing  point,  which  naturally  depends  on  the  fact  that  a  third  substance,  nftmely 
water,  participates  in  solution,  although  au  attraction  between  the  Halts,  like  that  which 
exists  between  sodium  and  potaasjam  carbonates  (Note  S),  also  partially  acts. 

^A  Fused  nitre,  with  a  further  rise  of  tempertiture,  disengai^s  oxygen  and  then  nttro^ 
gen.  The  tutrite  KNO^  is  first  formed  and  thf?D  potasHium  oxide.  Tlie  admixtaie  of 
certain  meiaU—for  example,  of  finely-divided  copper — aids  the  last  decomposition.  The 
oxygen  in  this  oase  naturally  piuases  over  to  the  metal. 
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many  metals.  The  oxidation  of  those  metals  which  are  able  to  form 
acid  oxides  with  an  excess  of  oxygen  is  especially  remarkable.  In 
this  case  they  remain  in  combination  with  potassium  oxide  as  potassium 
salts.  Manganese,  antimony,  arsenic,  iron,  chromium,  ^.^  are  in- 
stances of  this  kind.  These  elements,  like  carbon  and  sulphur,  displace 
free  nitrogen.  The  lower  oxides  of  these  metals  when  fused  with  nitre 
pass  into  the  higher  oxides.  Organic  substances  are  also  oxidised 
when  heated  with  nitre — that  is,  they  burn  at  the  expense  of  the  nitre. 
It  will  be  readily  understood  from  this  that  nitre  is  frequently  used  in 
chemical  practice  and  the  arts  as  an  oxidising  agent  at  high  temper- 
atures. Its  application  in  gunpowder  is  based  on  this  ;  gunpowder  con- 
sists of  a  mechanical  mixture  of  finely-ground  sulphur,  nitre,  and  char- 
coal. The  relative  proportion  of  these  substances  varies  according  to 
the  destination  of  the  powder  and  to  the  kind  of  charcoal  employed  (a 
friable,  incompletely-burnt  charcoal,  containing  therefore  hydrogen  and 
oxygen,  is  employed).  Gases  are  formed  in  its  combustion,  chieflj 
nitrogen  and  carbonic  anhydride,  which  create  a  considerable  pres- 
sure if  their  escape  be  in  any  way  impeded.  This  action  of  gun- 
powder may  be  expressed  by  the  equation  :  2KN03  4-3C4-S=K^  + 

It  is  found  by  this  equation  that  gunpowder  should  contain  thirty- 
six  parts  of  charcoal  (13*3  p.c),  and  thirty-two  parts  (11*9  p.c.)  of  sul- 
phur, to  202  parts  (74*8  p.c.)  of  nitre,  which  is  very  near  to  its  actual 
composition.*^ 

^*  In  China,  where  the  manufacture  of  gunpowder  has  long  been  practised,  thev  use 
75'7  of  nitre,  144  of  charcoal,  and  91)  of  sulphur.  Ordinary  powder  for  sporting  puq)OtM»-i 
contains  80  parts  of  nitre,  12  of  charcoal,  and  8  of  sulphur,  whilst  the  gunpowder  us*J 
in  cannons  contains  75  of  nitre,  15  of  charcoal,  and  10  of  sulphur.  Gunpowder  explode* 
when  heated  to  300^,  when  struck,  or  by  contact  with  a  spark.  A  compact  or  finely- 
divided  mass  of  gunpowder  burns  slowly  and  has  but  little  dynamic  action,  because  ii 
bums  by  degrees  (consecutively).  To  act  pr()i>erly  the  gunpowder  must  have  a  knowL 
rate  of  combustion,  so  that  the  pressure  should  increase  and  not  diminish  daring  the 
passage  of  the  projectile  along  the  barrel  of  the  fire-arm.  This  is  done  by  making  thr 
powder  granular  or  in  the  shape  of  C-sided  prisms  with  holes  through  them  (prismatic 
powder). 

The  products  of  combustion  are  of  two  kinds :  (1)  gases  which  produce  the  pre^surt 
and  form  the  reason  of  the  dyntunical  action  of  gunpowder,  and  (2)  a  solid  residuf. 
usually  of  a  black  colour  owing  to  its  containing  unburnt  particles  of  charcoal.  Beside* 
charcoal,  the  residue  generally  contains  potassium  sulphide,  K.^S,  and  a  whole  series  >4 
other  salts— for  instance,  carbonate  and  sulphate.  This  already  shows  that  the  combus- 
tion of  gunpowder  is  not  so  simple  as  it  appears  to  be  from  the  above  formula,  and  hencr 
the  weight  of  the  residue  is  also  greater  than  indicated  by  that  formula.  According  t«> 
the  fonnula,  270  parts  of  gunpowder  give  110  parts  of  residue— that  is,  100  parts  oi 
powder  gives  874  parts  of  residue,  K.^,S,  whilst  in  reality  the  weight  of  the  residue  varie? 
from  40  p.c.  to  70  p.c.  (generally  52  p.c).  This  difference  depends  on  the  fact  that  *-• 
much  oxygen  (of  the  nitre)  remains  in  the  residue,  and  it  is  evident  that  if  the  residue 
varies  the  composition  of  the  gases  evolved  by  the  powder  will  vary  also,  and  therefor* 
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Potassium  was  oljtained  like  soditiiu  ;  first  by  the  action  of  a  gal- 
vanic current,  tlien  by  reductiun  of  the  hycJitixide  by  means  of  metallic 
irtin,  and  lastly,  by  the  action  of  charcoal  on  the  carbonate  at  a  high 
temperature.  The  preparation  of  metallic  j)otaft»ium  differs,  however, 
from  that  of  sodium  in  that  it  easily  combines  with  carl>onic  oxide, 
forming  an  explosive  and  inflammable  masa.*^ 

However,  in  its  essential  points  the  method  of  its  extraction  is 
not  different  from  tliat  of  sodium,  l>ecause  fiotassium  is  quite  as  volatile 
as  Bodium,  if  not  more  so.  At  the  ordinary  temperature,  potassium 
is  even  softer  than  siHlium,  its  freshly-cut  surfaces  present  a  whiter 
colour  than  sodium,  but^  like  the  Utter,  and  with  even  greater  ease,  it 
oxidises  in  moist  air.  It  is  brittle  at  low  temperatures,  but  is  quite 
soft  at  25^,  and  melts  at  58*=*.  At  a  low  red  heat  (720°)  it  distils  with- 
out change,    forming  a  green   vapour,  whose  density,'**  according   to 


^ 


the  tmtire  prooeftfi  vrill  be  difftfrout  m  different  caseii.  Tliti  difference  in  ibe  corapoftition 
of  the  gtf«e«  and  residue  d«{]ctidH,  aa  the  re»earchei^  of  Gay-LuKB4ic,  Bhifthkolf  mid  Bun- 
nen,  Noble  tuid  Abel,  Federoff^  li'c,  ithow,  on  the  conditions  under  which  the  ^^omhuJition 
of  th»*  powder  pnwet^d^.  When  gunpowder  biunH  in  an  open  i^pace,  Lite  ga»eons  produets 
which  are  formed  do  not  rt*inain  in  contact  with  the  rcHiduet  and  then  a  considerable 
jjortion  of  the  chart'oali  entering  into  the  comi>06itxoa  of  the  powder  runminH  nnbumt 
Itecant^  the  ehiircoal  burtae  after  tbe  ^nlphnr  at  the  ex|)ens45  of  the  oxygen  of  the  nitre. 
In  thiH  extreme  eaMe  the  coinuencement  of  the  conibdHtion  of  the  gnn|jowder  may  be 
expreii«ed  by  the  e<itiniion,  *iKXOs4yC-f8-2C  +  K.,S0t^-C0^2 -♦■  X^.  The  reiiidue  in  a 
blank  cartritl^e  often  consistA  of  a  mixture  of  C,  KjSO^,  KjCOj,  and  K>Sg05.  If  tbe 
combustion  of  the  grunpowder  be  impeded — if  it  take  place  in  a  cartridge  in  the  barrel  of 
a  gxiii — the  quantity  of  potaa^ium  Hiulphatc  will  first  be  diininitihed,  then  tlie  amount 
of  sulphite,  whilst  the  amount  of  ciirbonic  anhydride  id  the  gaii»eM  and  the  amotint  of 
potassium  sulphide  id  the  residue  will  increai^e.  The  quantity  of  cliareoal  entering  into 
the  action  wil!  thnn  be  aii!M>  increased,  and  hence  the  amount  ici  the  reiiidue  will  de- 
crease. Under  thei^  cirouinHt*»iioi*fi,  the  weight  of  the  re^dne  will  be  le<iR^— -for  eicaiuple^ 
4K*iC03  +  4S  =  K5S04  +  8K2S  +  lC0.2.  Be^ideB  which,  carbonic  oxide  ha«  Wen  found  in 
the  gasent  and  pota^ftium  bisulphide,  K3!f%3,  in  the  residue  of  gunpowder.  The  amount 
of  potaasium  i^ulpliide^  K^S^  tticreaAeA  with  the  completenee<i  of  the  oombuKtion,  and 
is  formed  in  the  residue  at  the  expend  of  the  potAusium  sulphite.  In  recent  times  the 
knowledge  of  the  action  of  gunpowder  and  other  ^xplo^ives  has  made  much  progrees,  and 
ha«  developed  into  a  va8t  i>roiiinee  of  artillery  science. 

i'  The  AObntances  obtained  in  thia  case  are  mentioned  in  Chap,  IX.  Note  81. 

'^  A.  Bcott  (1887)  determined  the  raf>onr  demiitiett  of  many  of  the  com[X)undH  of  the 
alkali  elements  in  a  platinum  vcHMel  heated  in  a  furnace  and  previonsly  filled  with  nitro- 
gen. But  these,  the  first  data  concerning  a  Bubjeet  of  great  importance,  Imvt)  not  yet 
been  uuflflciently  fully  deiscribed,  nor  have  they  received  as  much  attention  ait  could  be 
desired.  Taking  the  density  of  hydrogen  as  unity,  Scott  foand  the  vapour  densities*  of 
the  following  substautiei  to  b«-» 

Ka        13-75  a^^S),  KI         mu), 

K  19      (19-6).  RbCI      lOimh 

CaCl    89-5     (94-3).  Csl     iJtS  (I!)U). 

PeCis  m  AgCl    80  (71*7). 

In  braeketa  are  given  the  densities  corresponding  with  the  (ormnlip,  sccofding  to 
AvogadiO'Gerhardt's  law.    This  figure  i»  not  giren  for  FeCl^,  bccauM*  in  all  probability 
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A.  Scott,  is  equal  tu  U»  (if  that  of  liydrogeti=:lV     This  shows  thditthf*! 
molecule  of  potassium  (like  that  of  sodium,  mercury,  and  jdnc)  coDtiii&*l 
but  one  atom.     This  is  also  the  case  with  other  nietiils,  judging  bj-j 
recent  i^searches.'^     The  speeilic  gravity  of  potassium   at  In"  is  0*81  J 
and  is  therefore  less  than  that  of  sodium,  as  is  also  the  csuse  with  mil 
its  compounds. '^^     Potassiuni  decomposes  water  with  great  easp  at  thp 
ordinary  temperature,  evolving  4*iOUO  heat  units  per  atomic  weigtit 
The  heat  evolved  is  suthcient  to  ioBame  the  hydrogen,  the  flame  b«ia|J 
coloured  ^-iolet  from  the  presence  of  pailicies  of  potassium,^' 

With  regard  to  the  relation  of  potassium  to  hydrogen  and   oxygetti^ 
it  is  closely  analogous  to  sodium  in  thijs  respect.     Thus,  with  hydrogeai 
it  forms  potassium  hydride,  K.^H  ( lie t ween  200^*  and   411°),  and  mik 
oxygen  it  gives  a  suboxide  K  ,0,  oxide  K^O,  and  peroxide,  only  mow 
oxygen  enters  into  the  composition  of  the  latter  than   in  sodium  pe^ 

onder  theae  conditioiaa  (the  tt?mi>erature  at  which  it  was  determined)  «&  portion  of  thiJ 
FeClj  VftiA  deeompoiied.     If  it  wns  not  decomposed >  then  a  dtiiiBity  HI   would  co4msapuiiA4 
with  the  formulu  FeCij,  mid  if  the  decompcuiition  were  Fe^j«:^U  =  i»FeCl3  ♦  CI^*  then  ll» 
deuftity  Hhould  be  54,     With  regard  to  the  silver  chloride^  iliete  id  reaecm  lo  IhinJe  Ihtt 
tbe  platinum  decomposed  this  Balt> 

The  majority  of  ^cott'^  results  so  closely  correspond  with  the  fotmuliu  tliAl^bi 
concord  cannot  be  expected  in  such  determinations. 

^*  The  molecules  of  uon-metHid  uri?  more  complex — for  infituice,  H^  O^^  Cl^,  ^o.   Bat| 
arsenic,  whose  HUperBcial  appearance  recalls  that  of  metali^,  but  whoat»  cliemioal  pt% 
ties  approach  more  nearly  to  the  non-metaU,  ha^  a  compksc  mol<jcul<»  contttilitttf 
With  respect  to  the  vapour  of  iodine,  see  Chap*  VII.  p.  31 ». 

^  A»  the  atomic  weight  of  potaRsiom   ia  (p-eater  thiui  tJiAt  of  acidititti,  thorafocvtlii 
voIiimr^H.  of  the  iiKih*cijIe>*»  or  the  qnotientn  of  th«?  nioktrular  weight  by  th«  «p<9r^*^ 
for  xKvtasflinm  compouncls  are  greater  thAii  those  of  sodium  ctuiiiptJUndH,  beciitis' 
di^namiuator   atid  numerator  of  the  fraction  tii)gm«'nt.      We  cite   for   cotnpui  n 
Tolumes  of  the  corresponding  com  pounds — 


Na24 
K    45 


NttHO  IB 
KtiO    37 


NaCl  a« 
KCl   m 


NaNOj  »7 

KNOj    48 


'^  The  same  precautions  must  be  taken  iu  decotnposiiiif  water  by  poUyHaniii  tm  hM» 
to  be  ohBer\ed  with  Bodlum  (Chap.  II.  Xote  8). 

It  muMt  be  obf^rv'ed  that  potiitidum  deeoinpo^es  ciurbomc  anhydride  luid  cariKdM 
oxide  when  heat«d^  the  ciarbon  h^iiij^'  liberated  and   the  oxygen  taken  up  hj  the  Tiwflil. 
whilst  on  the  other  hand  charcoal  t&keti  up  oxygen  from  potassinin,  a»  in  s«eu  £niiit  tlw 
preparation  of  ],x)taHiiiium  by  henting  potash  with  charcoal,  hence  the  reaction  ]:CgO-rC« 
K^  HC  CO  h  reversible  unci  the  rt'lutlon  is  the  same  in  this  case  as  between  liydnig«ai  ani 
zinc.     Notliiug  of  the  kind  could  he  expected  from  a  eomptirisoii  of  the  f]u«.iit«tMHi  d 
heat   evolved  in  the  fontitition  of  theae  com|K)tind^,  for  charcoal    bi   combining  vilk 
oxygen    to    forui  carbtinic    oxide  evolves  (for  it^  molecular  weight)  only   olHitit  ^1W» 
heat  unita  l,Chup.   IX.   Note  *25)^  whiL^t  potassium    in   fru-ming    the    oride    K  .O    p'. 
ftboat  100000  units,  and  iron  in  forminig^  ferrous  oridet  FeO,  evolve*  ikbout  70«XH»   nn  : 
It  is  evident  that  Uie  decompoHition  of  potassium  oxide  by  charc<*al  in  accornin    "( 
the  absorption  of  a  hvrge  ammmt  of  I1  eat,  and  the  revenue  reaction — which »  ho-'.-'r 
proceeds  with   greater  difficulty— with    the   development  of  heat,  which  «^iun  whom* 
the  impoBsibilitj  of  judging  tlie  direction   in    which    a    reaction   will    pr>jcocd    trxm 
thermal  data. 
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oxide  ;  potassium  peroxide  contains  KO.jj  Vjut  it  is  probable  that  in  the 
<;onibuiitioii  of  poUissiuni  mi  oxide  KG  is  also  formed^  Potassium, 
like  sodium,  is  soluble  in  loercuiy.**  In  a  word,  the  relation  between 
sodium  ai^d  potassium  is  as  close  at  that  lietween  chlorine  and  bromine, 
or,  better  still,  between  tluoritie  and  chlorine,  as  the  atomic  weight  of 
aodium,  23,  is  as  much  greater  than  that  of  Huoriiie,  19,  as  tlmt  of 
potassium,  59,  is  greater  than  that  of  chlorine,  35*5. 

The  resemblance  between  potasifiutn  and  sodium  is  so  great  that 
iheir  coiapmtnds  can  only  be  easily  dlHtinyuished  in  the  form  of  cerUiin 
of  their  salts.  For  instance,  the  acid  jitotassium  tartrate,  CjH^KO,, 
(cream  of  tartar),  is  distinguished  by  its  spai-ing  solubility  in  water  and 
in  alcohol,  and  in  a  solution  of  tartaric  acid,  whilst  the  corresponding 
BOtlium  salt  is  easily  dissolved.  Therefore,  if  a  solution  of  tartaric  acid 
he  added  in  considerable  excess  to  the  solutions  of  the  majority  of 
potiissium  splits,  then  a  precipitate  of  the  sparingly- soluble  acid  salt  is 
ff»rnjed,  which  does  not  occur  with  sjilts  of  sodium.  The  chlorides  KOI 
and  NaCl  in  solutions  easily  give  double  salts  JC^PtCl^  and  Na.2PtCl5, 
with  platinic  chloride,  PtCl^,  and  the  solubility  of  these  salts  is  very 
cUlTerent,  especially  in  a  mLxtui^e  of  alcohol  and  ether.  The  sodium  salt 
is  easily  soluble^  whilst  the  potassium  s^ilt  is  insoluble  or  ahnost  so,  and 
therefore  the  reaction  with  platinic  chloride  is  that  most  often  used 
for  the  separation  of  potassium  from  sodium,  as  is  more  fully  described 
in  works  on  analytical  chemistry. 

It  is  possible  to  discover  the  least  traces  of  tliese  metals  in  admix- 
ture together,  by  means  of  their  property  of  imparting  different  colours 
to  ajinine.  The  presence  of  a  salt  of  sodium  in  a  flame  is  recognised 
hy  a  brilliant  yellow  coloration,  and  a  pure  potassium  salt  colours  a 
colourless  flame  violet.  However,  in  the  presence  of  a  sodium  salt 
tlie  pale  violet  coloration  given  by  a  potassium  salt  is  quite  undistin- 
guishable,  and  it  is  at  first  sight  impossible  in  this  case  to  discover  the 
potassium  salt  in  the  presence  of  that  of  sodium.  But  by  decomposing 
the  light  given  liy  a  flame  coloured  by  these  meUils,  or  a  mixture  of 
t.hem,  by  means  of  a  prism,  they  are  both  e^vsily  distinguishaljle,  because 

'•  The  deflntte  cryeUilitie  Anmlgam  of  potAAUum  contains  twice  iua  m  ueli  mi^rcary, 
KHk^  (m  the  poiaaisimii  peroxide  coniains  twice  &»  much  oxygen,  Chup.  XII,  NoUs  S9). 

Foiatmum  foniui  alloy*  with  sodium  in  all  proportionis.  Tliu  aUoTK  eontiiimiig  1  luid 
8  equividentu  of  pota&ivatun  U>  one  etjuiviLleni  of  luxliuin  iLre  Uquiih,  like  mercury  At  th« 
ordinary  (etnpeniiurt).  Jonnnis,  by  determining  tho  uniount  of  hetU  developed  by  these 
lilloyB  in  dweompoHJn^  water,  fmind  the  evoltitiou  for  N14K,  NiiJf,  NalC,^,  and  N11K3  to  he 
44  5,  44' 1,  i^'H  and  44'4  thuUHand  heut  nnit«  refipeetivuly  (for  Na  42'0  and  for  K  45  4). 
The  formation  of  tlie  alhiy  N*iK,j  in  therefore  acconipanied  by  the  development  of  heat, 
whilst  the  other  alloys  may  Xw  rc>gurded  a«  golntiouM  of  potassium  ur  nodiuni  in  this  alloy. 
In  any  case  li  fall  of  the  tempenUure  of  fusion  la  evident  in  thtti  iusitance  aa  in  the  alloys 
<of  nitro  (Note  14). 
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the  yellow  light  emittefl  by  the  sodium  salt  depends  on  a  gix)tip 
rays  huviiig  a  definite  index  of  refraction  which  corresponds  withtJ 
yellow  portion  of  th<^  sf>lar  spectrum,  having  the  indeic  of  refract 
of  the  Frauenhofer  line  (strictly  speaking,  group  of  lines)  D,  whilst 
salts  of  pota.Hsium  give  a  light  in  which  these  rays  are  entirely  wani 
but  which  contain  rays  of  a  red  and  \4olet  colour,      Thei*efore, 
potassium  salt  occur  iji  a  flame,  then,  on  deei>mpo&ing  tJie  li^ht  (fi 

a  flame  coloured  ht 
salt)  after  passing  throi 
a  narrow  slit  by  tiki 
of  a  prisni,  there  will 
obtained  red  and  vi 
Imndsof  light  situated 
considerable  distance  i 
each  other  ;  whilst  if  m 
dium  salt  be  present  a; 
low  h'ne  w-ill  also  appeal 
both  metals  simultaxieol 
occur  in  a  fiame  and 
light,  then  the  spectg 
lines  corresp*onding  ta' 
potassium  and  the  sod 
will  simultaneously  appi 
For  convenience  in 

Fig.  7Ba.— Spectrr«icopi?.  The  t>n*itri  and  table  iir«;eoTereil  with  rVinff  OU  tlllS  fomi  of    1 

Hu  niHuijue  oviT,    The  wipwtrum  obtniuwi  from  tlie  Qnmv  ^ 

rolourtMl  by  II  9ub«!tiiiicc  intr*»"luceii  f»n  tht' wire  i*  iiew«N|  ing>  SJ}f'CfT*>ftCf>}if*ji  /fi»    ^ 
tl^^o^^f^l  b/    A  ]iifht  h  pLwefHitifore  the  sw^nle  D  in unler  tn         "      '  '         \    &• 

lUiaminjite  the  im^igtt  i>f  thp  scale  rertt-cteil  titniiiffh  B  hy  are    Constructed,*^^    COl 

the  iide  of  tlie  pritfcu'  .  *  - 

mg  of  a  refractmg  pf 

and  three  tubes  directed  on  the  plane  of  the  refracting   angle  of 
prism.     One  of  the  tubes,  C\  has  a  vertical  slit  at  the  end,  giving 
to  the  light  to  be  tested^  which  then  passes  into  the  tube  (colUina4^ 

^  For  ftctnirutt^  meaHureiiients  and  comparative  reiAearchei*  more  comnlicAted 
troscopps  rtre  requin3(l  wliifh  jiive  a  groater  disiieraicm,  and  which  are  funrtUhed  fof 
pnrpos*'  with  Beveval  prieiiiH — ^for  eiftiaple,  in  Browning's  fipe«tro«rope  the  liirhl 
Ihrouffh  aix  prisma,  and  then,  having  undergone  an  entire  intornAl  rel!4*c^tio0, 
through  the  upper  i>ortion  at  the  Ranw  «ix  priHinsj  and  again  hy  an  entire  intonuil 
lion  paftaeH  into  t\w  oculiir  tuht*.  With  isuch  ii  iTOwerfol  dlfrpersiou  the  retiitis''f*  pctil 
o{  the  speottJtl  lines  may  he  determined  with  accnracy.  For  tlie  ahftolute  luaJd 
detenu i mi tion  of  the  wave  leiigih*  it  i%  purticiiijirly  important  tlmt  tlje  sT>ec$titM 
fthould  bit  fiirnish<id  with  dilfrartion  gnvtinjsrH.  The  fonHtruction  of  spectmscopet 
tined  for  Hj:>ei:iiil  pnrpoRea  {for  esaniple,  for  inveRtigiitinp  the  light  of  atar^  or  for 
mining  the  ahiioqitioii  npectm  in  niicroftcopic  preparatioue,  Arc.)  is  cxi^eedini 
Betaila  ai  the  Riibjeet  muKt  he  looked  tor  in  works  on  phyHir«  and  on 
Among  the  latter  the  hf*t4t  known  for  their  completeneHi*  and  merit  ttr«  those 
Kayser,  Vogel^  and  Lecoq  de  Boishautlran . 
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'whicli  gives  the  rays  a  parallel  direetion.  Tlie  rays  of  light  ha%'ing 
pas.sed  througli  the  slit,  and  having  become  pamllel,  ai'e  n:»fraeted  and 
dispersed  in  the  pristn,  and  the  spectrum  formed  is  observed  through 
the  orifice  of  the  other  telescope  B.  The  third  tul>e  D  contains  a  hori- 
zonliil  transparent  stmle  {at  the  extenor  end)  which  is  divided  into 
equal  divisions.  The  light  from  a  source  such  as  a  gas  burner  or 
candle  placed  before  this  tube,  passes  through  tlie  scale,  and  its  image 
is  thus  reieeted  on  that  face  of  the  pnsm  which  stands  before  the  tele- 
scope B,  so  that  tlie  image  of  the  scale  is  seen  through  this  telescope 
simultaneously  with  the  spectrum  given  by  the  rays  passing  through 
the  slit  of  the  tube  C.  In  this  manner  the  image  of  the  scale  and  the 
spectrum  given  by  the  source  of  light  under  investigation  are  seen 
simultaneously.  If  the  sun's  rays  be  dii-ectetl  through  the  slit  of  the 
tiil>e  C,  then  the  observer  looking  througli  the  oritiee  of  B  will  see 
the  solar  spectrum,  and  (if  the  aperture  of  the  slit  be  narrow  and  the 
apparatus  truly  adjusted)  the  dark  Fniuenhofer  lines  in  it/-*  Small - 
sized  spectroscopes  are  usually  so  adjusted  that  (looking  through  B) 
the  violet  portion  of  the  spectrum  is  seen  to  the  nght  and  the  red  portion 
to  the  left,  and  the  Frauenhofer  line  D  (in  the  bright  yellow  jjortion  of 
the  spectrum)  is  situated  on  the  50th  division  of  the  scale/^'^  If  the 
light  emitted  by  an  incandescent  sobd— for  example,  the  Drummond 
light — be  }>assed  through  the  spectroscope,  then  all  the  colours  of  the 
solar  spectrum  are  seen,  but  not  the  Fraueidiofer  lines.  Let  us  now 
consider  what  will  happen  if  the  light  from  a  flame  coloui'ed  hy  various 
Its  be  passed  through  tlie  spectroscope.  This  is  done  by  placing  a 
Bunsen  gas  burner  (or  the  pale  flame  of  hydrogen  gas  issuing  fmm  a 
platinum  onfice)  giving  so  pale  a  flame  that  its  spectrum  will  be  invisible 
I>efore  the  slit.     If  any  compound  of  sodium  be  placed  in  the  flame  of 

**  T)iii^  ttrr*nig«aietit  of  aU  the  purtH  of  the  iippiimtus  so  iws  to  lejive  llie  oleurest  |;ioai»iLk 
vision  and  nccunwry  of  wbHervution  most  evidently  pri*cedtt  every  kind  of  fei»?ctn>»*opie 
cl*4*rrmiiinti()u.  Detitilii  ooncerniinj  the  pmcticiil  tim  of  the  »p(aetrrm'o|je  must  Iw  iiW 
looked  (or  iu  upecinl  works  ou  the  aubji^ct.  In  tkis  treiitiHe  ihe  reiMler  In  {iupi>otH^<!  to 
iTft  ft  <*rtiiiu  knowledKe  of  th«  ph ysi^'al  d^ta  reRpeclioK  the  refraction  of  lip^ht,  ii^nd  itt» 
itnion  iiud  diffraction,  iind  the  theory  of  h'ltcht,  whieli  aUows  of  the  tIetenniniLtioQ 
of  th«  kugtli  of  the  wiirefl.  of  lipht  in  ubftolati^  measures  on  li»e  hasxn  of  oliAerrAtioiift 
with  diffmction  gratinv".  the  distance  between  wJiotie  didsionti  may  be  easily  uienrtured 
in  fmrtionti  of  4  milUmetrH  :  by  utich  mufttia  it  isposoihle  to  det^rmiue  the  wave  length* 
of  definite  rnr»  of  light. 

**  In  order  tf>  give  tu\  idea  of  the  aevenU  siseen  of  the  ftmle^'we  muy  oht*erve  thftt  the 
common  yipeetruin  ext«iide  from  the  xa.*to  of  the  Henle  (where  the  red  portion  is  aitUAted) 
to  the  tTOtli  iliviaion  Iwbere  the  end  of  the  visible  violet  portion  of  the  fipectnun  ii 
Httuaiefli,  and  that  the  Fruiieidtorer  line  A  (the  extreme  prominent  line  in  the  red)  cor- 
responds with  the  nth  division  of  the  seitle;  the  Fraueiihofer  hne  F  (at  the  begiimiug  of 
the  blue,  near  the  green  coloar)  is  Mituiited  on  the  !>Oth  diviHlorit  and  the  line  G,  which  in 
ole&rly  seen  in  the  beginning  of  the  violet  portion  of  the  spectrum,  corretponda  with  Ui% 
127tli  divifiion  of  the  sc*le. 
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the  gaa  burner  (for  which  purpose  a  phitiniim  wire  on  whose  end  sodiu 
chloride  is  fused  is  tixed  to  the  st-md),  then  the  Hame  is  dyed  a  yt 
colour,  and  on  lonkiyg  through  the  speL'troscope  the  observer  iwill  sec* 
bright  1/ellow  line  falling  upon  the  nOth  division  of  the   scale,  which:* 
seen  together  with  the  spectrum  in  the  telescope.     !Ko  yellow 
of  other  ref rac^tive  index,  nor  any  rays  of  any  other  colour,  will  i* ' 
seen,  and,   therefore,   tlie  spectinini   corresponding  with    sodium  oom- 
pounds  consists  of  yellow  rays  of  that  index  of  refraction  which  heloof 
to  the  Frauenhofer  (hlack)  line  D  of  the  solar  spectrum.      I£  a  potajssium 
.sail  be  introduced  into  the  daine  instead  of  a  sodium   salt,    thea  twfl 
hands  will  be  seen  which  are  much  feebler  than  the  bright  sodium  faaoj 
—namely,  one  red  line  near  the  Frauenhofer  line  A  and  another  liolei 
line.      Besides  which,  a    pale,    almost   ctJiitinuous,    spectrum  wdl  be 
observed  in  the  central  portions  of  the  scale.     If  a  mixtui*e  of  sodiuioi| 
and  potiissium  salt^a  be  now  introduced  into  the  flame,  three  tines  wiP 
be  simultaneously   seen- — namely,   the    red   and   pale    violet    lines  of 
pi>tf*ssium  and  the  yellow  line  of  sodium.    In  this  manner  it  is  possil»l^J 
by  the  aid  of  the  spectroscope,  to  detei-mine  the  relation   between  i 
spectra  of  metals  and  known  portions  of  the  solar  spectrum.     The  ( 
tinuity  of  the  latter  is  interrupted  by  dark  lines  (that  is,  by  an  . 
of  light  of  a  tlefinite  index  of  refraction),  termed  the  Frauenhofer  Hneil 
of  the  solar  spectnim*     It  has  been  shown  by  careful  observaitoiu  (by 
Frauenhofer,  Br-ewster,  Foucault,  Angstrom,  Kirchb jff,  Comu,  Lockjei^J 
Dewar,  and  others),  that  there  exists  an  exact  ayrmnuin-t   hetfreeu 
8j}ectra  of  certain  metals  and  certain  of  the  Frau^nhu/hr  lines.     Xhust 
bright  yellow  sodium  line  exactly  corresponds  with  the  dark   Fmi] 
hofer  line  D  of  the  solar  specti'um.     A  similar  agreement  is  obs 
in  the  case  of  many  other  metals.     This  is  not  an  approximate  or  chaiDOi 
correlation.     In  fact,  if  a  spectroscope  having  a  large  number  of  r^ 
fracting  prisms  and  a  high  magnifying  power  be  used,  then  it  is  tMD 
that  the  dark  line  D  of  the  solar  sp^3ctrum  consists  of  an  entire  system  i 
closely  adjacent  but   dehnitcly  situated  fine  and  wide  (sharp,  distui 
dark  Hnes,^'*  and  an  exactly  similar  group  of  bright  lines  is  obt 
when  the  yellow  sodium  line  is  examined  through  the  same  apparatii^' 
so  that  each  bright  sodium  line  exactly  corresponds  with  a  dark  line 
the  solar  spectrum.     In  the  common  spectroscopes  which  are 
employed  in  chemical  research,  one  yellow  band,  which  does  not 

**  The  two  inc^nt  distiiicit  lineHof  D^njir  of  fiCHlium,  have  wmve  iengtliHof  5BU^2> 
raillioiithH  Gif  tt  tnillimeter,  beHiduH  which  fainter  aiifl  fainter  line^i  are  Been  who**  I 
kngUiH  in  inillkmtli  partn  of  a  tuiLllbiit!ter  are  5Hb'7  and  5H8'li  t^lB'O  tuid  615*4    &16*5 
f>ifi%  4})H  3  and  4*.ly'ii»  lire,,  iiccordiiig  to  Liveiugaiid  Dewar.   Maiij  strive  to  1&nd« 
rektiitii,  i^ribject  tfi  a  law,  in  the  wave  leti^^hii,  both  of  these  pairs  of  luitM  «tid 
of  otlif  f  elementiu 
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up  into  thinner  lines,  ia  seen  instead  of  the  system  of  sodium  lines,  owing 
to  the  small  dispernive  power  of  the  prism  and  the  considerable  aper* 
ture  of  the  slit  of  the  object  tube. 

This  conformity  of  the  bright  lines  formed  by  sodium  with  the 
<lark  lines  uf  the  solar  spectrum  cannot  \m  accidenl*iL  This  conclusion 
is  further  conrirraed  by  the  fact  that  the  bright  lines  of  other  metals 
correspuiiil  with  dark  lines  of  the  solar  spectrum.  Thus,  for  example, 
a  series  of  sparks  passing  between  the  iron  electrodes  of  a  Ruhmkorff 
coil  gi%'es  4')0  very  distinct  lines  characterising  this  metal.  All  these 
450  bright  bnes,  or  the  whole  spectrum  corresponding  with  iron,  is  re- 
peated, as  Kirchhotf  showed,  in  the  solar  spectrum  as  dark  Frauenhofer 
lines  which  occur  in  exactly  the  same  situations  as  the  bright  lines 
occur  in  the  iron  spectrum,  just  as  the  sodium  lines  correspond  with 
the  band  D  in  the  solar  specti-um.  Many  observers  have  in  this 
m/inner  simulta-neously  studied  the  solar  spe<:;trum  and  the  spectra  of 
different  metals,  and  discovered  in  thti  former  line^  which  correspond 
not  only  with  sodium  ami  irun,  but  also  with  many  other  metals.^^  The 
spectra  of  such  eJemeats  as  hydrogen,  oxygen,  nitrogen,  and  other 
gases  may  be  observed  in  the  so-called  Geissler^s  tul>es — that  is,  in 
glass  tubes  tilled  with  ra reded  gases,  through  which  ilie  discharge  of  a 
Kuhmkorff's  coil  is  piissed.     Thus  hych*ogen  gives  a  spectrum  composed 


^  The  most  iiccumU)  iovewtigiitious  miidi^  in  thia  respect  are  carried  on  with  epectra 
^btftined  by  diffraction,  because  in  tluH  ckhc  tlii?  position  of  the  dark  and  bright  lines  do«« 
not  depend  oo  the  index  of  refraction  of  the  material  of  the  prisin,  nor  on  ihe  dispetHive 
power  of  thi?  apparatus.  The  best— that  in,  the  most  gi^ueral  and  accurata — ^method  of 
eitpretitiing  tiiu  results  of  atich  deterTnlDatiouK  cuuaibt^  in  determining  the  lengths  of  the 
waves  corresponding  t^  the  my»of  a  definii<.*  indejc  of  refraction.  We  will  expresi}  thia 
ivavc  Irngih  in  millionth  parts  of  a  miHimetre  (ilie  ten  millionth  piirtB  ore  already 
doubtful,  and  fall  within  the  liinitti  of  en-or).  In  order  to  illnatrate  the  relation  between 
the  wave  lengthii  and  the  pofiitiona  of  the  spectrti^n,  we  will  cite  tb«  wave  lengths  cor- 
reBj>tmding  with  the  cliief  Fraaenbofer  lines  and  coloars  of  the  specirom. 

Fraaenhofer  line         ABCB  EbFGH 

"Wave  length        .      7610  687S  656fi   58i}Ti-588'9  527*3     518-7      4m5     4»1*0      8»7'3 

yellow 


Colour 


red 


orange 


green 


violet 


In  the  following  table  are  given  the  wave  length*  of  the  light  rayn  (the  longest  and 
moMt  dit^tinct,  aec  later|  for  certain  elements,  theiw*  in  hliwk  type  being  the  most  clearly 
defiiied  and  distinct  lines,  which  are  easily  ubtaitai^l  either  in  the  flivme  of  a  BunsenV 
bunier,  or  in  Geiaaler's  tubes,  or  in  general,  by  an  electric  discharge.  Thenc  lines  refer 
lf»  the  elemeutx  (the  lines  of  compounds  are  different^  aii  will  be  afterwards  explained, 
hut  many  c<iiu{H>und«  iire  deiom|>03UHl  by  the  flfune  or  by  an  electric  discharge),  and 
furthermore  to  Llu^  elements  in  an  incandesce^nt  and  rarefied  gaiieoaa  elate,  for 
the  spectra  sometimei*  rary  considerably  with  a  variation  of  temperatwre  ftxiii 
preHKurw. 

It  muy  1>«  iiaid  that  tlie  red  colour  corresponds  with  hued  having  a  wave  length  of 
from  7H0  (with  a  greater  wave  length  the  lines  are  hardly  visible,  and  are  ultra  red)  to  650, 
the  oranf/e  from  050  to  5W,  the  yellow  from  590  to  520,  the  green  from  520  to  490,  thii 
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of  three  lines — a  red  line  corresponding  with  the  Frauenhofer  line 
C,  a  green  line  correspfniding  with  the  line  F,  and  a  violet  line  con^ 
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blue  from  490  to  420,  and  the  violr- 
from  420  to  880  millionth  p«rt»  if 
a  millimetre.  Beyond  380  the  line<itf- 
B^arcelv  vifiible^  and  belong  to  dr 
ultra- violet. 

lu  tills  table,  which  is  arranged  z 
conformity  to  the  image  of  the  specm 
as  they  are  seen  (the  red  lines  on  tk 
left  hand  and  the  violet  on  the  ri|^'. 
hand  side),  the  figures  in  black  typ" 
correspond  with  lines  which  are  '^• 
bright  and  distinctly  visible  liui 
they  timy  e&mly  bts  made  use  of,  luxi 
iu  determitiiiig  the  rela'tion  betwet: 
the  di visions  of   tls^  and  ikr 

Wave  lengths,  and  in  determinic; 
the  odncilxtiire  of  a  given  elem»'Bi 
with  unother  T  \  i^  brackets  join  ikisr 
lines  between  which  »ev«rml  crtW 
lines  are  clearly  visible  if  the  di^ 
sive  power  of  the  spectroscsopa  |«^ 
mits  difitiugitishiiig  ib«>  neigfabaQriBf 
liiQ<^s.  In  the  orduiary  labontcfT 
spe-ctroscopen  witli  nm--  |in-iM  ■"► 
with  allix>&sib1<  prt'cision  of  arrar.i- 
ment  and  with  a  brillianoy  of  li.!' 
permitting  the  observatiuiis  \f^^ 
made  with  a  very  Utitrow  *|)er£ifr 
the  lim^F  wbose  wiive  leii^hii  tuh 
differ  by  2-3  millionth  parts  of  a  nu 
limetre,  are  blurred  together;  aJ 
with  a  wide  flpertur*'  a  series  of  lar^ 
differing  by  even  as  much  a>  ** 
millionths  of  a  millimetre  appear  »* 
one  wide  line.  With  a  faint  U).t: 
(that  is,  with  a  small  quantity  - 
light  entering  into  tbt*  siwclr->4ci>p 
only  the  most  hrtUiant  ]m^  a."^ 
clearly  visible.  The  length  of  tl- 
lines  does  not  always  corresjx'i;! 
with  their  brilliancy.  According  t- 
LcJcJqer  tUi«  length  is  determnei 
by  plftcing  Uip  carbon  electriTir> 
(iH^tweeu  wbith  the  ine*ticle*^^  = 
v[i[>ourHcjf  the  metaK  t* rt <-  ^  '■""-'^fli, c '■ 
horizontally  to  the  slit  (as  they  i^- 
jLjenefftlly  placed,  to  give  more  li^-:'. 
hut  verticttlly  tn  it.  Then  certt: 
lines  appear  long  and  others  sli f- 
As  a  rule  (Lockyer,  Dewar,  Com 
the  longest  lines  are  those  with  wh^- 
it    is     easiest    to     obtain     rerrm- 
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nding  with  one  of  the  lines  Ijetween  G  and  H*     Of  these  rays  the  red 
the  brightest,  and  therefore  the  general  ccilour  of  luminous  hydrogen 
with  an  electric  discharge  through  a  Geissler  tube)  is  redtlish* 

The  cijrrelatioji  of  the  Frauenhofer  lines  with  the  spectra  of  metals 
depends  on  the  phenomenon  of  the  so-c#iHed  reiyersed  ajiectrum.  This 
phenomenon  consists  in  that  instead  of  the  l>right  spectrum  correspond- 
ing with  a  metal,  under  certain  circumst-ances  a  similar  dark  spectrum 
in  the  fortn  of  Fraueiifiofer  lines  may  be  ol>tairied,  as  will  be  directly 
xplained.  In  order  to  cletidy  understand  the  phenomenon  of  reversed 
ipectra^  it  must  he  known  tJiat  in  the  passage  of  light  through  certain 
tmnsparent  substances  these  substances  retain  rays  of  a  certain  re- 
tVajigibility.  The  colour  of  solutions  is  a  proof  of  this.  Light  which 
has  passed  through  a  yellow  solution  of  a  uranium  salt  contains  no 
violet  rays,  and  after  having  passed  through  a  red  solution  of  a  per* 
manganate,  does  not  contain  many  rays  in  theyelluw^  blue,  and  green 
rtions  of  the  spectrum.  Solutions  of  copper  salts  absorb  nearly  all 
rays»  Sometimes  colourless  solutions  also  absorb  rays  of  certain 
lefinite  refractive  indexes,  and  give  alisorpdan  spectra^  Thus  solu- 
ons  of  salts  of  didymium  absorb  rays  of  a  certain  refrangibility,  and 
erefore  an  impression  of  Vjlack  lines  is  received,^'  as  shown  in  fig. 

trik,  (see  Inter),  Consequently,  these  lines  are  the  most  cha.nu;teristic.  Only  the 
igeHt  and  moat  brillt&nt  &fq  given  in  our  table,  whicb  is  L'oiii|>OHied  o»  tbe  biisU  of  a 
Uection  of  the  daia  at  onr  diBposal  for  hrifjht  spcs.'tra  of  the  incandiMcent  ntul  rar^/ie*! 
pourx  of  the  ehnienis.  As  the  speotra  chttngo  with  great  rariatioMi<i  uf  temperature 
d  vaiKiur  deoNity  {the  fauit  lines  become  brilliant  whilMt  the  bri|;ht  tincB  sometimes 
difiappear),  tvhieh  in  partlcnlarly  clear  from  Ciamician'sreBearcheaon  the  b a logenUt  there- 
fore, u])til  tbe  metboil  of  obaenratioii  Aud  the  theory  of  tbe  Hiibject  are  enlarged,  |Hir- 
icnlar  tlieoretical  ini|)ortiince  should  not  bo  (pven  to  tlie  wave  lengths  showing  tlie 
[■tnax^imnm  brilliancy,  and  which  only  poi^BCft*  any  nignilicance  in  a  practical  respect  for 
e  coinnitJU  nietboda  of  spectroiicopic  obfterrationB* 
«  The  cnular  itupressiom*  of  light  (it  in  ew»entially  the  tMUue  with  all  other  impreaelona 
ived  by  the  »entieRj  are  all  relative;  in  thoae  portions  of  a  spectrum, received  throogh 
absorptive  medium,  where  there  appears  to  be  an  absence  of  light,  it  muy  be  ouly 
tred  fainter,  and  for  Absorption  spectra  thiii  i^  directly  proved  to  be  the  case  both 
by  eiperiment  (by  employing  nolutions  of  different  utrengtlis  or  strata  of  different  thick- 
tiewes),  and  by  direct  measurement  by  the  :itd  of  the  !jpectroHCO{>e — for  instance^  by 
YiMfordt's  apj^iratus,  which  is  described  in  workn  on  physics.  The  relative  distincLriess 
■4>l  Ihe  dark  lines  in  an  absorption  spectrum,  and  of  the  bright  coloured  lines  Lu  luminous 
spectra  of  vapours  and  gases,  which  are  ^eif-evident  in  making  obs«rrations,  offer  great 
-difJiculty  with  regard  to  precise  measurement,  just  as  is  the  case,  for  instance,  with  thi} 
relative  brilliancy  of  the  stars* 

The  method  of  observing  absorption  spectra  consists  in  taking  a  oontinuons  spectmni 
l^one  which  does  not  gi%'e  either  dark  Yhwh  or  particularly  bright  luminous  bands  in  the 
jipectrum)  of  white  light— for  instance,  the  light  of  a  candle,  lamp,  or  other  source.  The 
collimator  (that  in,  the  tube  with  the  slit)  is  directed  towanls  this  light,  and  Uieu  all 
the  colours  of  the  spectrum  are  rieible  in  the  oonhur  tube,  A  transparent  abHorptive 
ttie<liium — for  instance,  a  solution  or  tube  containing  a  gaa — is  then  pioeed  between  the 
eonrce  of  hght  and  the  apparatus  (or  anywhere  iufitde  Ihe  apparatna  itself  in  the  path  of 
4he  rayt).    la  this  case  either  ihe  eniire  spectnun  is  uoilonniy  fainter,  or  absorption 
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73.     Many  vapours  (iodine)  and  gases  (nitric  peroxide)   gh 
spectra.     Light  which  has  passed  through  a  deep   layer  of  aqu 
vapour,  oxygen,  or  nitrogen  also  gives  its  absorption    spectrum. 
thiii  reason  the  peculiar  (winter)  dm-k  lin^s  discovered  by  Brews 
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Fia.  73.— Aljaoxptioa  spectrum  (Lccckj  «lo  Boi&bMiulrau)  of  salt*  of  didymiuin  i|i  i 

observed  in  sunlight,  especially  in  the  evening  and  moming,  whe_ 
sun's  rays  pass  through  the  atmospheiN?  (containing  these  substAD 
by  a  longer  path  than  at  midday.     It  is  evident  that  the  Fraueiili 

bandit  appear  on  the  bright  £eld  of  the  contlnQoUK  spectrum  m  definite  po«itloiM  I 
it,      ThB«o  baiidfl  have  different  h?n|tfthtt  and  pofiitions,  and  diHttncint^vt^  lutd  in 
of  abtMjrptiuLi,  iLCc'urdiii]^  to  the  prttpertien  of  the  absorfitive  medium.     Like  ihm  ill 
spectra,  given  by  incandeisc^nt  ga»t*i4  and  vapourst  the  abttorptinii  Hpoctm  of  i 
of  ttubfitaiices  have  already  been  studied^  and  some  with  great  preciaion — »«,  ia 
the  iipectrnm  of  the  brown  vapoars  of  nil^rogen  dioxide  by  Hii«ae1b«rg  (nl 


Fi».  74.— Aljsorptioii  epeotra  of  oltfogeo  dioxide  oxide  and  lodliie. 


the  spectra  of  colouring  mutters  (Eder  and  others),  and  eapecially  those  nppH«d  to  ortk^ 
ehf<omfttic  photograpTiVt  or  the  Hpertra  of  blood,  chlorophyll  (the  gieen  canatitocat  fl^ 
leaTds),  and  other  wimilar  nnbHtanceH,  ali  the  monts  hr  by  the  aid  of  tlunr  spm^tnUi 
presence  of  these  hubfttances  may  be  difitovered  in  finiall  quantities  (even  in  roic 
quatititiea,  by  tlie  aid  of  Hiwcjial  appliancefi  or  the  microBoope),  and  the  ehmngi*^ 
tindergn  inveeti gated. 

Tlio  absoqition  ejwctrn,  obtftiiied  at  the  ordinarj'  teiiiperatiire  and  proper  to  sttb 
in  all  physical  stiite»,  offer  a  moHt  viki+t  but  a«*  yet  little  f*tudied  held,  l>uih  for  1 
of  all  gpeotroscopy,  and  for  gitiniug  an  insight  into  the  structure  of  sub 
inYeatigation  of  colouring  matters  has  alrettdy  shivwu  that  in  eertain  i 
ch«ng«  of  c<jmvioRition  and  Htructure  entails^  not  only  it  definite  change  of  ihe  i>otciuj 
ft]«o  «  diaphwement  of  the  abftf>r|itlun  bandH  by  definite  wave  lengths,     Tlus  i 
which  has  only  begun  to  be  worked  out,  promises  great  aeienti^e  fmitioi^,  ^ 
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Innes  nrny  be  ascribed  to  the  absorption  of  certain  rays  of  light  in  its 
passage  from  the  luminous  mass  of  the  sun  to  the  earth.  The  remark- 
able progress  made  in  all  specti-oscopic  research  dates  from  the  In- 
vestufatiotia  made  by  Kirrhhoff' (ISb^)  on  the  i^elation  between  altsorption 
spectra  and  the  spectra  of  luminous  incandescent  gases.  It  had  already 
been  long  since  observed  (by  Fmuenhofer,  Foocault,  Angstram)  that 
tlie  bright  spectrum  of  the  sodium  tlame  gives  exactly  the  same  two 
bright  lines  which  are  known  a.s  the  line  D  in  the  solar  spectrum,  and 
expressed  by  black  lines  which  evidently  belong  to  an  absorption  spec- 
trum. When  Kirchhoff  caused  moderated  sunlight  to  fall  upon  the  slit 
of  a  spectroscope,  and  placed  a  sodiutn  tlame  before  it,  a  perfect  super- 
position wfis  observed  -the  bright  sodium  lines  completely  covered 
the  black  lines  D  of  the  solar  spectrum.  When  later  the  continuous 
spectrum  t*f  a  Drummond  light  apf>eared  witli  the  black  line  D  on  placing 
a  soclium  iJame  between  it  and  the  slit  f»f  the  spectroscope — that  is,  when 
the  Frauenbofer  line  of  the  solar  spectrum  was  artilicially  produced ^ — 
then  there  was  no  doubt  that  it  was  seen  in  the  solar  spectrum  because 
the  light  somewhere  travelled  through  incandescent  vapours  of  sodium. 
Hence  a  new  theory  of  reversed  itpectra^^  arose^that  is,  respecting  the 
relation  between  the  waves  of  light  emittetl  and  absorbed  by  a  substance 
under  given  conditions  of  temperature,  which  is  expressed  by  Kirchhoffa 
law  discovered  liy  a  careful  analysis  of  the  relations  between  the  lumi* 
nous  rays  absorbed  and  emitted  by  a  substance*  This  law  of  the  theory 
of  light  may  be  formulated  in  an  elementary  form  in  the  following 
manner :  At  a  given  tempeiuture  the  relation  between  the  intensity 
of  the  light  emitted  (of  a  definite  wave  length)  and  the  absorptive 
capacity  with  respect  to  the  same  colour  (of  the  same  wave  length)  is 
a  constant  quantity.*^     As  a  black  dull  surface  emits  a  considerable 

^  A  namtter  of  in^tbodsi  liAve  b*)«n  invented  to  dcmonstnile  tJie  reversibility  of 
gpectrft;  amonfr  tlieM?  meiluMlH  w*?  vrill  cite  two  which  are  most  f-asily  carried  oat»  In 
BiiTiBcn'«  method  «odiDTn  chloride  h  put  into  ati  nppamtmai  for  evolving  hydrogen  (the 
spriiy  of  the  salt  is  then  carried  off  by  the  hydrogen  aui3  colours  the  flftrne  with  the  yeUow 
sodium  csolottr),  jt.iid  the  hydrogen  i»  igiiit<!d  in  two  bumera— in  one  large  one  with  a  wide 
flfknic  ij^ving  II  bright  yellow  *ndiam  hght,  and  in  another  with  a  small  fin©  orifice  whose 
flame  in  jiale :  this  flame  will  throw  a  dark  patch  on  tiie  large  bright  flame.  In  Ladoffsky'a 
metho^lthe  front  tub©  (p*  553)  is  anwrewed  from  a  spectroscope  directed  fcowardft  the  light 
of  II  lump  (a  continaouji  spectrum),  and  the  fiamu  of  a  spirit  lamp  coloured  by  a  lonall 
quiiniity  of  NaCl  ia  placed  between  the  tub©  and  the  prism  •  a  bhick  batul  corrcttptinding 
1^  HCKlium  will  then  he  f»een  on  lookiag  Uirough  the  ocular  tubt^  TIuh  exp«?rimeiit  ia 
always  foiccesiiful  if  there  be  only  the  requisite  relation  between  the  fttrengih  of  the  light 
of  both  lamps. 

^  The  abflorptive  capacity  is  the  relation  between  the  intenMiy  of  the  light  (of  a 
given  wave  length)  falling  upon  and  retained  by  a  ^nbttAuce.  Bnnsen  and  Boitooe 
showed  by  direct  cjcperiment  that  thj*.  ratio  is  a  eotifttant  quantity  for  every  8Ub«tiuice. 
If  A  stand  for  thiw  ratio  for  a  given  irobiitance  at  a  given  teniiierature— for  instance,  for 
1^  flame  coloured  by  sodium — and  H  be  the  intensity  of  the  light  of  the  same  wave  length 
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quantity   of  heat    rays   and    also    absorbs  a    considerable    i|i 
whilst  a  poliBhed  mettillic  siirfacp  both  absorbs  but  few  and  emits ' 
few»    so   a  tlame  etiloured  by    sodium  emits  a    considerable   quaatj 
of  yellow  rays  of  a  definite   refrangibility,  and  has  the   property  i 
retaiidng  a  coiisideralile  *:juantity  of  the  rays  of  the   same  refradiK 
index.     In  general,  the  sphere  which  evolves  definite  rays  also 
them. 

Thus  tbe  bright  sp>ectral  rays  characteristic  of  a   f^iven  met 
be  reversed — that  is,  converted  into  dark  lines-lfy  passing  light  whidr? 
gives  a  continuous  spectrum  through  a  space  containing  the  heated  vapoon 
of  the  given  metaL    A  similar  phenomenon  to  that  thus  artiticiallj  p«^J 
duced  may  l>e  observed  naturally  in   sunlight,  which  shows  dark  J 
characteristic  of  knowji  metals — that  is,  tlie  Frauenhofer  lines  fonui 
absorption  spectrum  oj*  depiimd  on  a  reversed  spex;trum  ;   it  being  m 
supposed  that  tbe  sun  itself,  like  all  known  sources  of  ai*tiiieial  \i& 
gives  a  continuous  spectrum  without  Frauenhofer   lines. '^*     We  mn^  I 
imagine  that  the  sun,  owing  t**  the  high  tempeiniture  which  is  proper  to tS«  J 
eniits  a  brilliant  light  which  gives  a  continuous  spectrum,  and  that  I 
light,  before  reaching  our  eyes,  passes  through  a  space  full  of  the  vHp 
of  ditlerent  metals  and  their  compounds.     As  the  earth's  atmospbfv 
<;ontaLns  no,  or  very  little,  metallic  vapours,  and  as  they  cannot  be  i 
jxised  t^  exist  in  the  heavenly  apace,  therefore  the  only  plac^  in  ] 
the  existence  of  such  vapours   can  be  admitted   is  in   the  tUnn 
»nrro}tndinf/  the  sun  itself.     As  the  cause  of  the  sun's  luminosity  ma 
be  lookeil  for  in  its  hi^h  temperature,  therefore  the   exist€jnce  of  j 
atmosphere  containing  metallic  vapours  is  readily  understood,  fM 
at  its  high  temperature  such  metals  as  sodium,  and  even  iron,  arei 
rated  from  their  compounds  and  converted  into  vapour.     The  sun  mil! 
be  imagined  as  surroundwl  by  an  atmosphere  of  incandescent  van 

e(iiitt«d  ivt  the  ^Ame  teinperutare  by  tbe  Hame  HuljHtiuiee,  Uieti  Kirc^hholT'^  Iait  tin  i 
pltinatinn  ami  tieduotioii  of  whicli  must  l>e  looked  for  in  text  bfwks  of  phy-idcHifl 
the  fraction  A,E  iaek  constant  quaiittty  de|>eiidiiig  on  the  nature  of  a  titilMitiioK  ip*i 
depeudA  on  it)  and  det-ermiued  by  the  temporatnre  urid  wave  letigih. 

^*  Heated  metal&  begin  to  emit  light  (only  visible  in  the  diu-k)  at  tibout  4S«>*  i»i 
iiig  with  the  inutal).     Oo  further  heating  fiolids  firKt  emit  red,  then  Vfyllow    »mJ  U 
white  hght,     ComprenHed  or  heavy  gttses  (see  Chap,  lH.  Not«  44)^  when  Ktrvn 
alno  timit  white  h^ht.     Heated  liquids  (for  example,  molten    »teol    or    iilutirut  i, 
give  A  white  eon)jM>nnd  lijjfht,     ThiH  in  readily  underHtCiod.     In  n,  d«nae  ruiujtt  oi  is* 
the  eolli§«tous  of  the  nu>IecnleH  and  atomfli  are  so  fjegnent   that  waves   of  otiIt  «  ^1 
deOnite  lengths  cjinnot  appear;  the  reverse  in  possible  in  r&refied  ga««a  or  v.ip   • 

**  Brewster,  as  jh  mentioned  above,  first  diHtingiiished    the    itttoo^phetji 
Frunenhofer  lines  from  the  solar  hne<i,     Jans»en  showed  that  tlio  spectrmn  r.i  tl 
sphere  contain  a  lines   which  depend  on  the  Hbsorption  prwluoed  by    ttqu#i.ii- 
EgorelfT  Olszewski,  Jan&sen*  tind  Liveing  and  D«war  showed  by  n  aeries  of  . 
that  the  oxygen   of  the  atmof^phere  dutemiinos  iiertain  tinea  of  iho  aoUn 
«apecially  tlie  line  A. 


POTASSIUM,   RUBIDIUM,   CAESIOI,   AND  LITHIUM 


561 


mnd  gaseous  matter,*'*^  including  those  elements  whose  reversed  spectra 

TOorrefipond  with  tbe  Frauenhofer  lines — namely,  sodium,  iron,  hydrogen, 

■Hthium,  calcium,  magnesium,  <fec.     Thus  in  spectrum  analysis  we  find 

H  means  of  determining  the  composition  of  the  inaccessible  heavenly 

Biiminaiies,  and  much  has  been  done  in  this  i^espect  since  KirchlioflTs 

theory   was   formulated.     By  oliservations   on    the  spectra  of   many 

heavenly  l>odies,  changes  have  been  discovered  going  on  in  them,^^  and 

certain  of  the  elements  known  to  us  have  Ijeen  found  with  certainty  in 

them.*'*     From  this  it  must  be  concluded  that  the  same  elements  which 

exist  on  the  etirth  occur  thr<^ugliout  the  whole   univei'se,  and  that  at 

^  Eraptionii,  like  our  volcaiiic  emptioiifl}  bat  ou  an  lucompiLrably^  l&rger  scale,  arc*  a 
frequent  occurrence  on  the  «iun.  Tliey  are  ef!eii  as  pTotiil>eranc«^a  visible  during  a  totAl 
f>clip»e  of  the  sun,  in  the  form  of  vaporous  mftHdes  ou  the  ed^e  of  the  ^oltu*  dihc  And, 
emitting  a  faint  light.  Tbene  protuberance*!  of  the  sun  are  now  ob*ier\'ed  at  all  times  by 
11)0011!^  of  the  apctctroi^ope  (Lockyer's  method),  because  they  contain  luminous  vapours 
(givin^f  bright  lines)  of  hydrogen  and  other  elementj*. 

**  TliG  great  in tereat  and  va«tneKH  of  aKtro-phyiiical  obiservationM  cone«jrning  the  sun, 
comets^  Htors,  nebaUe,  Arc*,  render  thit*  new  province  of  natural  stnence  very  important, 
and  fiecetimtate  reft'irring  the  reader  to  «pec)iil  worki^  on  th«  subject*  I  eannnt,  how- 
ever, hut  caution  Ui«  reader  aguiuf^t  thotte  premature  couduMioiiiii  which  many  fonn  on  a 
firtit  acquainlatiot*  with  tlie  subject,  Ju»*t  as  the  ostromomer  may  easily  arri\-e  at  an 
arbitrary  conchiiiion  nbout  the  composition  of  elements*  from  observations  uixm  the 
sj>ectra  of  tlio  heav«nly  bodieit,  ko  the  elH^raiut  may  easily  fall  into  error  as  to  the  nature 
of  the  phenomenft  of  the  heaven^  by  only  judging  from  iipectroocopic  observations. 

Tlie  moi^t  iinportajit  at^tro* physical  data  since  the  time  of  Ketlner  are  thoh^e  referring 
to  the  lUsqfiticcmcnt  of  the  line«i  of  the  spectrum.  Just  ai*  a  muKical  note  changes  ite 
pitch  with  the  approach  or  w^ithdrawal  of  the  reffommt  object  or  the  ear,  so  tlie  pitch  of 
the  luminous  note  or  wave  length  of  the  light  varies  if  the  luminous  vapour  and  the 
«artb  from  which  we  observe  it  approach  or  recede  from  each  other ;  this  ejcpreases 
itself  ill  a  visible  displacement  of  the  spectral  Iine».  The  solar  emiptionii  even  give 
broken  Ynw*  in  tlie  siiectrum,  h+'caus©  the  rupidly  moving  eruptive  mosseiiof  vapour  and 
gaaes  either  travel  in  th*^  direction  of  the  eye  or  fall  bock  towards  the  sun.  Ak  the 
earth  travels  with  the  solar  sj^taitem  among  the  stars,  so  it  is  puhnihle  to  determine  tlio 
direction  and  velocity  with  which  the  sun  travels  in  npace  by  the  diftpUccmeut  of  the 
epectral  lineM  and  light  of  the  ntars. 

The  changes  proceeding  cm  the  sun  in  its  mantis  which  moat  be  pronoonoed  as 
raponms,  luid  in  its  atmosphere,  are  now  studied  by  means  of  the  spectro«cope.  For 
tliis  purpose,  there  now  exist  many  Kpecial  aHtrrj-physieal  observatories  where  theae 
investigations  ore  carried  on. 

^  Spectrum  analysis  has  proved  the  indubitable  existence  in  the  sun  and  stars  ol 
ih  number  of  elements  known  in  chemistry.  Huggims,  Se<'chi»  luid  others  have  furnished 
A  hurge  amount  of  material  upon  this  subject.  A  compilation  of  coating  information 
on  this  sabject  has  been  given  by  Prof*  S*  A.  Kleiber,  io  tlie  Journal  of  the  Rtissian 
PhyBieo-chcmlcol  Society  for  lt4«5  (voL  xviii.  p.  140).  BenidcK  which,  a  fieculior  elemeat 
called  hehum  has  been  discovered,  which  is  characterised  by  a  line  j  whose  wav«  length 
is  S87"5,  sitoated  neorD),  which  in  been  very  brightly  in  the  projections  (protul^erajices) 
and  spots  of  the  sun,  but  which  doe»  not  belong  to  any  known  element  oi^d  is  not  repro- 
ducible as  a  reversed,  dark  line.  This  may  lie  a  right  conclusion — that  in  to  haw,  it  it*  pos- 
sible that  an  element  may  be  dit*covcred  to  which  the  Bpectnuu  of  helitim  corresponds^ 
but  it  may  be  that  the  helium  line  belongs  to  one  of  the  known  elements,  because 
spectra  vary  in  the  brilliancy  and  position  of  their  lines  with  cluuiges  of  temperature 
and  pressure.    Thas^  Cor  instanoef  Lockyer  coald  only  see  the  line  428,  at  the  very  end 
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that  degree  of  heat  which  is  proper  to  the  sun  those  simple  matters 
which  we  accept  as  the  elements  in  chemistry  are  still  undecompoftcd 

of  the  civlciain  bpecbroiu,  ftt  coixipHt'titivel^  low  temperiitiireK,  wliLldfc  tlie  luie%  397 1 
U93  o.p|>ear  At  n  higher  temperature,  and  at  a  »tili  higher  tempemture  thr  litt«| 
becomes  quite  invisible. 

Lockyer^  to  whom  spectroBcopy  is  indebted  for  many  excellent  8peetrr>sc«pic  ol»« 
liotiH^  HUppoi^f^  that  the  <^IeraeiitB  exibtiu^  on  the  earth  are  decom^xjise^  at  the  Vemn 
ture  of  the  ftun — for  inHtaiice^  that  iron  deeampotoes  into  two  new  elemeut- 
tieular  spectra,  beeuuse  an  unequal  iuteni^ity  of  all  the  linea  of  iron  i«  ol- 
ferent  portions  of  the  &un  (spotii,  prominences,  ttc),  and  1>ecjiUBe  a  di^phii: 
S-ii  of  certain  of  the  linee  of  %\\m  metal  nitty  be  observed  in  the  »u3i'i*  apots  ^.1  th«  i 
time  that  other  hues  remain  undisph^ced.     Lockyer  supposeH   this  to  depend  nn  1 
movement  of  one  component  part  of  iron  with  atj  innnobility  of  the  position  (in  »paD 
the  other  pro<luct  of  the  decomposition  of  iron  which  remninft  in  n  lower  atmtaiu. 
Kleiber  explains  the^e  phenomena  by  the   fact  that  the  visible  upectrniii  of  tiie  *i| 
det*'nnined  by  the  entire  thickness  of  the  atmof*phere  of  the  sun,  by  the  ijit^qaalit j  of  | 
movement  of  different  strata  of  the  sun's  atmospheit+j  and  by  the  fiw>t    that  linos  of  dif- 
ferent wuve  lengths  offer  a  different  constant  with  reference  to   KircliLoff'a  law.     Mm 
enough  if  tht;  thicknoHHT  preBsure,  and  temperature  of  cui  incundeocent  vapour  be  { 
ferent  in  a  hibomtory  experiment  and  in  a  g^iven  stratum  nf  thp  koIot  ntmosphefi 
obtain  a  markod  dilTerenc?e  in  the  intensity  of  the  light  of  dillereut  bands  of  the  sp 
of  one  and  the  Hame  element,     Ah  regards  the  displacement  of  only  one  portion  of  1 
iron  lineH»  Klyiber  Bniiplementh  Liveing  and  Dewar'a  observation  that  the  displaced  1 
are  those  emitted  by  IhB  most  rarefied  vapours  |,Not«  iL7},  by  pointing  oat  that  in  J 
first  place  one  tind  the  same  line  is  soinetiuieh  observed  on  the  ^un  both  in  &  contori 
(broken)  and  normal  position  (a8  I#ockyer  hini^lf  observed),  and  in  the  second  plAoe  (h 
the  inteneity  of  the  light  of  dilTereut  lineN  depends  on  the  different  temperatures  and  des-^ 
fiitien  of  the  atrata  of  the  solar  atmosphere,  and  therefore  Llie  lines  dcrtennmed  by  Lb? 
upper  strata  may,  by  their  movement^  be  dinplaced,  whilst  the  other  liue«i  d(*t«rttiiiied  I 
the  lower  btratu  may  remain  unchanged.     Besides  which  1  may  obsen^e,^  far  tny  j 
that  if,  under  ordinary  conditions*  we  Bee  the  normal  spectnim  of  iron  in  the  utui,  ] 
yer'n  sup]^K)setl  component  parts  of  iron  must  occur  totrether  in  the  sun,  and  Uit*reluirt I 
is  difficult  to  miderHtand  how  one  component  part  of  iron  is  able  to   move  Vkhilstt 
other  remains  at  rest.     Furthermore,  aa  the  solar  spectrum  of  iron  entirely  cijrreiripiit 
with  that  obtabu^'d  by  erperinient  at   the  comparatively  low  temijerature^  uhiAinakW  1*1 
the  laboratory,  it   is  necessary  to  admit  one  of  the  two  foUowing^  propositioitj^-etUicr 
the  deconi(»osition  of  iron  doet*  not  require  so  liigh  a  temjierature  as  that  on  the  i 
then  it  would  be  easy  to  prove  this,  supposed  complexity  of  iron  by  a  labomtoiyl 
ment,  or  it  must  be  admitted  that  the  two  comjionent  pai-ts  of  iron  when  eotnbiii 
gether  (fonning  undecoraposed  iron)  do  not  alter  the  jioHitiona  of   their  s[)cetjai  1lli«l 
whilst,  as  we  shall  jtee  latei't  the  spectru  of  element!*  change  when  they  combtno  togelJ 
and  therefore  that  in  the  cose  of  iron  n  proi>osition  must  be  made  contra  dietary  U>  ik» 
fjujt.     Other  data  put  forward  by  Lockyer   \n  favour  of  ihe  decomix3sability  of  c«ft»bi 
«lementa  paroved  when  re4nveatigated  (by  Liveing  and  Dewar),  by  means  of  ftji«H:lro«c«pi» 
of  high  diaperaive  power,  to  he  only  founded  on  the  confusion  of  dissimitor  linc^    IW 
arguments  of  Lockyer  concerning  the  decompoaability  of  elements,  which  ni  odo  tifls 
made  a  great  imprefisionj,  do  not  thus  appear  to  suppctrt  the  doctrine  of  &  «in|^1e>  c^miUM. 
uiatertal  (p.  20,  Note  26) *  but  must  be  made  use  of  for  the  further  deTelopmeiil 
troBcnpic  stieme*  Besides  which  I  connidcr  it  well  to  turn  attention  to  III*  hicl*  (1 1 
conception  of  the  elements  stand*,  in  all  resjiects  moi-e  firmly  than  imy  deduction* 
by  the  wt>ectroscope ;  (2)  this  comparatively  young  doctrine  of  the  ai^ectr*  nf  dei 
only  the  fruit  of  the  chemical  doctrine  of  elementtj;  and  (3)  that  as  yet  no 
tionfl,  besides  Kirchhoff's  law,  have  appeared  for  spectroficopic  phenomenis  whicli  v«^ 
idlow  predictions  being  made^  whilst  the  conceptioti  of  elements  has  already  Mrrir«d 
this  sta^e.    When,  however,  sjiectroscopic  science  liflfi  been  developed  to  tlie  same  eitrnft 
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and  remain  unchanged.  A  high  temperature  forms  one  of  those  con- 
ditions under  which  compounds  most  easily  decompose  ;  and  therefore 
if  sodium  or  a  similar  element  were  a  compound,  then  in  all  probability 
it  would  be  decomposed  into  component  parts  at  the  high  temper- 
ature of  the  sun.  This  may  already  be  concluded  from  the  fact  that 
in  ordinary  spectroscopic  experiments  the  spectra  obtained  often 
belong  to  the  metals  and  not  to  the  compounds  taken  ;  this  depends 
on  the  decomposition  of  these  compounds  in  the  heat  of  the  flame.  If 
common  salt  be  introduced  into  the  flame  of  a  gas-burner,  a  portion  of 
it  is  decomposed,  first  forming,  in  all  probability,  with  water,  hydro- 
chloric acid  and  sodium  hydroxide,  and  the  latter  is  then  partially 
decomposed  by  the  hydrocarbons,  giving  metallic  sodium,  whose  incan- 
descent vapour  emits  light  of  a  definite  ref  rangibility.  This  conclusion 
is  arrived  at  from  the  following  experiment  : — If  hydrochloric  acid  gas 
l)e  introduced  into  a  flame  coloured  by  sodium  it  is  observed  that  the 
sodium  spectrum  disappears,  owing  to  the  fact  that  metallic  sodium 
cannot  remain  in  the  flame  in  the  presence  of  an  excess  of  hydrochloric 
acid.  The  same  thing  takes  place  on  the  addition  of  sal-ammoniac, 
which  in  the  heat  of  the  flame  gives  hydrochloric  acid.  If  a  porcelain 
tube  containing  sodium  chloride  (or  sodium  hydroxide  or  carbonate),  and 
closed  at  both  ends  by  glass  plates,  be  so  powerfully  heated  that  the 
salt  volatilises,  then  the  sodium  spectrum  is  not  observable  ;  but  if  the 
salt  be  replaced  by  sodium,  then  both  the  bright  line  and  the  absorp- 
tion spectra  are  obtained,  according  to  whether  the  light  emitted  by  the 
incandescent  vapour  be  observed,  or  only  that  which  passes  through  the 
tube.  Thus  the  above  spectrum  is  not  given  by  sodium  chloride  or 
other  sodium  compound,  but  is  proper  to  the  metal  sodium  itself.  It 
is  the  same  with  other  analogous  metals.  The  chlorides  and  other 
halogen  compounds  of  barium,  calcium,  copper,  &c.,  give  independent 
spectra  which  difler  from  those  of  the  metals.  If  barium  chloride  be 
introduced  into  a  flame,  it  gives  a  mixed  spectrum  belonging  to  metallic 
barium  and  barium  chloride.  If  besides  barium  chloride,  hydrochloric 
acid  or  sal-ammoniac  be  introduced  into  the  flame,  then  the  spectrum 
of  the  metal  disappears,  and  that  of  the  chloride  remains,  which  diffei-s 
distinctly  from  the  spectrum  of  barium  fluoride,  barium  bromide,  or 
barium  iodide.  A  certain  common  resemblance  and  certain  common 
lines  are  observed  in  the  spectra  of  two  different  compounds  of  one  and 
the  same  element  obtained  in  the  above-described  manner,  and  also  in 
the  spectrum  of  the  metal,  but  they  all  have  their  peculiarities.     The 

as  diemical  learning:,  then,  perhaps,  the  present  ideas  will  undergo  a  deep  change  and 
approach  perfection.  Aa  yet  spectroscopic  science  is  still,  for  want  of  laws,  at  the  epocli 
of  tlie  accumulation  of  facts  and  not  of  their  possession. 
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independent  spectra  of  the  compounds  of  copper  are  easily  ob 
(tig.  75).     Tlins  etn^tain  coniptiundis  which  exist  and  are  luminous  at  I 


Fig.  76.—  Bright  SpeotrB  of  Copper  OomptmndM, 


temperature  give  their  independent  spectra.     In  the  majority  l 
thespectm  of  compounds  ai-e  composed  of  indistinct  luminous  lin 
and  complete  bright  bands,  whilst  metallic  elements  generally  giv«i 
few  clearly -defined  spectral  lines,^     There  is  no  reason   for  thinkiiig 


^  Spectroscopic  obserrationB  ate  bUU  further  compUeiiied  by  tlus  f  net  th&i  ci»«>  ti^ 
the  Mbme  fiubstiuioe  gives  different  spectra  At  different  temperAtures.  Tliis  ia  c*6|iermUt 
the  case  with  gM»fi  whose  spectra  an*  obttviiied  by  an  electric  discharge  in  ltib«^ 
Pllicker,  Willlner,  Behiiftter,  and  atliern  sliowed  that  at  different  teniperaturc^s  iviid  |«^ 
finrea  the  spectra  of  iodine^  fiiilphur^  nitrogen,  oxy^jf^n,  ttc,  are  quit«  diff^^rout  from  Ifcf 
fspectra  of  the  fianio  elements  at  high  teioperatures  and  presaares,  Tlii*  may  vtlbcr 
€lei>t  nd  on  tlt€  fatt  that  the  ©lementfl  change  their  molecnlar  Htnictiire  with  m.  chmnt^  of 
t«in[M'rature,  junt  an  ozone  h  converted  into  oxygen,  or  viae  becauac  ikt  low  teinp«'t«iw^ 
ciirtaiu  rayu  hiive  a  grcat^'r  relative  inteni^ity  tlian  tlioae  which  appear  at  hi|?her  Uvt 
peratnret^.  If  we  Buppose  that  the  molecule**  of  ft  gas  are  in  continoAl  tnovemeutl^  with* 
velocity  deiwiident  on  the  temperutnre,  then  it  niUBt  bp  admitted  that  they  oft^B  atriV 
a^^inirt  each  other  and  rebound,  and  thus  connminicate  peculiar  movements  to  (mc^ 
other  and  the  Kupjiow^d  etbtrT  vvhi*:h  express  themBelveM  in  luminiferou»  phpnomeiuk  A 
riae  of  the  temi^erature  or  an  increase  in  the  density  of  a  gas  must  kave  an  influeiic^  o> 
the  coUiHioii  of  iihi  moleculeH  and  luininiferouHi  roovementB  thuij  producsed,  And  thU  0l*t 
he  the  caUHC  of  the  difference  of  the  ftjiectra  under  these  circumBtAuci^tt.  It  hmm  bf« 
shown  by  direct  experiuieiiL  that  gaftt^H  eom pressed  by  preiwure,  when  the  oolliskMi  otfhi 
molecule:;  must  he  frequent  and  varied,  exhibit  a  more  complex  spectrum  on  t)i«  rimjT 
of  an  electric  spark  tlian  rarefied  gases,  ajul  that  even  a  continnoua  «pectf  mn  app««ri- 
In  order  to  aliow  the  variability  of  the  spectmm  according  to  the  circamst«uur««  uttk- 
which  it  proceeds,  it  i"*  enoogh  to  way  thnt  potassium  Bulphat«»  fu»ed  cm  »  plAttnuia  wu» 
gives,  on  the  pawange  of  a  fterieH  of  aparkSf  a  distinct  syHtern  of  line«,  508^578^  wlkdil 
when  a  HerjeH  of  sparks  in  p«»fied  through  a  Rohiticm  of  thin  salt  thi»  Byistam  of  lin 
iuint,  and  when  Ro»coe  aiid  Schuster  observed  the  abfiorption  spcMCtruia  c*f  the  Vttnoor^ 
metallic  jiotaftftiam  (which  is  green)  they  remarked  a  numl^er  of  line«  of  tha  i 
fsity  aft  the  above  system  in  the  red,  orange,  and  yellow  portions. 

Tire  «pte<rtra  of  solution «   are  best  observed  by  means  of  Lecoq  de 
jWTangemeiitt  tdiown  in  fig,  70.    A  bent  capillary  tube,  D  F,  inside  which  &  pli 
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that  the  spectrum  o£  a  compound  is  ecjual  to  the  sum  of  the  spectra  o£ 
its  elements — that  is,  every  compound  which  is  not  decomposed  by  hent 
/tiu^  its  own  prosier  sprcirnm.  This  is  best  proved  by  absorpticm  spectra, 
which  are  essentially  only  reversed  spectra  observetl  ut  low  temperatures, 
II  every  salt  of  sorlium,  lithium,  and  potasi^tuni  gives  one  and  the  san^e 
spectrum,  this  nuist  be  ascribnil  to  the  presence  in  the  Same  of  the  free 
metals  liberated  by  the  decomposition  of  their  salts.  Therefore  ilte  phe- 
Hwmna  of  the  spectrum  are  determined  by  molecules^  and  not  fn/  atmna — 
that  isj  the  molecules  of  the  metal  sodium,  and  not  its  atoms,  produce 
those  forms  of  vibrations  which  are  expressed  in  the  spectrum  of  a 
sodium  salt.  Where  there  is  no  free  metallic  stxliiim  tliere  is  no 
sodium  spectrum. 

Spfclrum  aTmli/»iii  has  not  only  endowed  science  with  a  represent- 
ation of  the  composition  of  tlie  distant  heavenly  bodies  (of  the  sun, 
stars^  nebulae,  tometS|  *ke.),  but  has  alj*o  given  a  new  methM  for  study* 
ing  the  matter  r»f  the  earth  s  surface.  Buiisen  by  its  means  discovered 
two  new  elements  belonging  to  the  group  of  the  alkali  metals,  and 
thallium,  indium,  and  gallium  were  afterwards  discovered  by  the  same 
means.  The  spectroscope  is  employed  in  the  study  of  rare  metals 
(which  in  solutioji  often  give  distinct  aKsorption  spectra),  of  dyes,  and 
in  general  of  many  organic  substances,  «kc.*^      With   respect  to  the 

A  a  (from  0  8  to  OS  inin.  in  diiinieter)  ia  fufletl.  ia  uiunewed  m  a  narrow  cylinder,  C  (tti 
wiiich  it  ia  finnly  hr*lfl  by  a  oorkf.  The  projecting  end,  a,  of  the 
wir#  IB  covered  by  a  fine  capillary  tube,  r?,  which  extends  1-2  mm. 
beyond  the  wire.  Another  straight  ctipilUry  tuW,  E»  with  a  plati- 
nnm  wtre^  B  6,  abont  1  mm.  in  diameter  (u  liner  wire  80011  becomes 
h€i^t)t  i^  held  (by  a  cork  or  in  u  aiatui)  abovi»  the  end  of  the  tube, 
0.  If  the  win)  A  be  now  connected  with  the  {xjfiitive,  uiid  \he 
wire  B  with  the  negative^  terminal  of  a  Kuhjnkorff'ft  coil  4, if  tbo 
wires  bo  connected  in  the  opposite  order,  the  s[iectriim  of  air  \% 
obtained),  a  e^cneu  of  Rparka  rapidy  following  each  otlier  appear 
between  a  and  h^  and  their  light  may  be  examined  by  placiniir  the 
apparatus  in  front  of  Uie  »lit  of  a  Bpectroecope.  The  variationii  to 
which  a  npectrum  is  liable  may  easily  be  obaarved  by  increaaing 
the  distance  between  the  wireaf  altering  the  direction  of  the  cur- 
rent or  atrength  of  the  solution,  Sic, 

^  The  importMtoe  of  tlte  spectroscope  for  the  pnrposo  of 
chemical  rese«rch  wjm  iilr«ady  shown  by  Gladtitoue  in  l^(5t!,  but 
it  did  not  become  an  acceesory  to  the  laboratory  until  after  thi> 
diwcoveriea  of  Kirchhoff  and  Bun^n.  It  may  be  hoped  tlmt  1  1 
lime  spectrcMicopic  reaearohes  will  explain  certain  wauta  of  tJi. 
theoretical  (philoaophicalj  «ide  of  chemistry,  but  aa  yet  aU  that 
ht&H  been  done  in  tliiii  renpect  can  only  be  regarded  aa  attempts 
which  tukve  not  yet  led  to  any  tmstwortby  concluaiotiu.  Thus  many, 
by  collating  the  wave  lengths  of  all  the  light  vibrations  excited  by  a  given  element, 
endeavour  to  find  the  law  governing  tlieir  mutual  relaliona;  others  (eapecinlly  Hartley 
and  Ciiiiuicijin),  by  comparing  the  Hi>ectra  of  analogoas  elemenfca  (for  instance,  clilorine^ 
bromine,  and  iodine),  have  sncceeded  >n  noticing  deftatte  features  of  resemblance  m 
them,  whilst  others  (GrCinwald)  search  lor  relatiotia  between  the  spectra  of  compotmd» 
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metals  which  are  analogous  to  sodium,  they  all  give  such  very  vola 
salts  and  such  very  characteristic  spectra  that  the  least  traces  of  the 
are  discovered  with  great  ease  by  means  of  the  spectroscope, 
instance,  lithium  gives  a  very  brilliant  red  coloration  to  a  flame 
a  very  bright  red  spectral  line  (wave  length,  670  millionths  mm.),  w 
indicates  the  presence  of  this  metal  in  admixture  with  compounc 
other  alkali  metals. 

Lithium^  Li =7,  is,  like  potassium  and  sodium,  somewhat  wi 
spread  in  siliceous  rocks,  but  only  occurs  in  small  quantities  an< 
mere  traces  in  considerable  masses  of  potassium  and  sodium  salts.  ( 
a  very  few  minerals  contain  more  than  traces  of  it.^'-*  The  compoi 
of  lithium  are  in  all  respects  closely  analogous  to  the  correspon 
compounds  of  sodium  and  potassium  ;   but  the  carbonate  is  spari 

and  their  component  elements,  <tc. ;  but — owing  to  the  mutiplicity  of  the  spectral 
proper  to  many  elements,  and  (especially  in  the  ultra-red  and  ultra-violet  ends  o 
spectrum)  the  existence  of  lines  which  are  ondistinguishable  owing  to  their  fain 
and  also  owing  to  the  comparative  novelty  of  spectroscopic  research — this  subject  c 
be  considered  as  in  any  way  perfected  in  any  of  its  branches. 

^^  In  order  to  show  the  degree  of  sensitiveness  of  spectroscopic  reactions  it  w 
enough  to  cite  the  following  obserration  of  Dr.  Bence  Jones.  If  a  solution  of  S  gra 
a  lithium  salt  be  injected  under  the  skin  of  a  guinea-pig,  then,  after  tlie  lapse  ol 
minutes,  lithium  may  already  be  discoverved  in  the  bile  and  liquids  of  the  eye 
after  ten  minutes,  in  all  parts  of  the  animal. 

^"^  Thus  spodununc  contuiiiH  up  to  O  p.c.  of  lithium  oxide,  and  ]n  tbiitcy  and  Itj.i 
or  lithiii  mica,  about  H  p.c.  of  lithium   oxide.     This  mica  is  met  with  in   certain  ^r 
,  in  a  Honiewhat  considerable  quantity,  and  is  therefore  most  frequently  employed  f 

I  preparation  of  lithium  compounds.     The  treatment  of  lepidolite  is  carried  on  on  a 

1  scale,  because  certain  salts  of  lithium  are  employed  in  medicine  as  a   remedy  for  c 

diseases  (st»»ne,  ^'""ty  affections),  as  they  have  the  power  of  dissolving  the  in-i' 
uric  acid  which  is  then  deposited.  Lepidolite,  which  is  unacted  on  by  acids 
natural  state,  decomposes  under  the  action  of  strong  hydrochl<)ric  acid  after  it  ha; 
fused.  After  being  subjected  to  the  action  of  the  hydrochloric  acid  for  several  hiji 
the  silica  is  obtained  in  an  insoluble  form,  whilst  the  metallic  oxides  passi  into  so 
as  chlorides.  This  solution  is  mixed  with  nitric  acid  to  convert  the  ferr<»us  sail 
fenic,  and  sodium  carbonate  is  then  added  until  the  liquid  becomes  nentral,  by 
means  a  precipitate  is  formed  of  the  oxides  of  iron,  alumina,  magnesia,  \c..  as  ins 
oxides  and  carbonates.  The  solution  (with  an  excess  of  water)  then  contains  tin 
rides  of  the  alkaline  metals  KCl,  NaCl,  LiCl,  which  do  not  give  a  i»recipitatt 
sodium  carb<niate  in  a  dilute  solution.  It  is  then  evaporated,  and  a  strong  s<^lul 
sodium  carbonate  added.  This  precipitates  lithium  carbonate,  which,  although  & 
in  water,  is  nuich  less  so  than  sodium  carbonate,  and  therefore  the  latti^r  j^reci] 
lithium  fnmi  strong  soluticms  as  carbonate  2LiCl  +  Na.>CO- =  2NaCl  -r  Li.^CO;;.  Li 
carhotmtc,  which  resembles  scxlium  carbonate  in  many  respects,  is  a  subntance  >vl 
very  slightly  soluble  in  cold  water  and  is  only  somewhat  soluble  in  boiling  wato 
llii^  resjK'ct  lithium  forms  a  transition  between  the  metals  of  the  alktilis  and 
metals,  especially  the  metals  of  the  alkaline  earths  (magne>ium,  barium),  whose 
nates  an;  only  sparingly  soluble.  Oxide  of  lithium,  LioO,  may  be  obtained  by  h 
lithium  carbonate  with  charcoal.  Lithium  oxide  in  diss<-)Iving  gives  (per  mol 
iir»()0()  heat  units;  but  the  combination  of  Li.^  with  O  evolves  140000  calories — tl 
more   than    Na.^.O    (100000  calories)    and    K2O   (07000    calories),   as    shown    by   Be 
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soluble  in  cold  water,  which  fact  is  taken  advantage  of  for  separating 
lithium  from  potassium  and  sodium.  This  salt,  Li2C03,  is  easily  con- 
verted into  the  other  compounds  of  lithium.  Thus,  for  instance,  the 
lithium  hydroxide,  LiHO,  is  obtained  in  exactly  the  same  way  as  caustic 
soda,  by  the  action  of  lime  on  the  carbonate,  and  it  is  soluble  in  water 
and  crystallises  (from  its  solution  in  alcohol)  as  LiHOjHaO.  Metallic 
lithiuin  is  obtained  by  the  action  of  a  galvanic  current  on  fused  lithium 
chloride ;  for  this  purpose  a  cast-iron 
crucible,  furnished  with  a  stout  cover, 
is  filled  with  lithium  chloride,  heated 
until  the  latter  fuses,  and  then  a  strong 
galvanic  current  is  passed  through  the 
molten  mass.  The  positive  pole  (tig.  77) 
consists  of  a  dense  carbon  rod  C  (sur- 
rounded by  a  porcelain  tube  P  fixed  in 
an  iron  tube  B  B),  and  the  negative  pole 
of  an  iron  wire,  on  which  the  metal  is 

.  Fio.  77.— Preparation  of  lithium  by  the 

deposited    after   the    current   has   passed  action  ol  a  jsalvauic  current  on  fused 

*i  14-  c  i.   '     \     \^\.      e         lithium  chloride. 

the  molten  mass  for  a  certain  length  of 

time.  Chlorine  is  evolved  at  the  positive  pole.  When  a  somewhat 
considerable  quantity  of  the  metal  has  accumulated  on  the  wire  it  is 
withdrawn,  the  metal  is  collected  from  it,  and  the  experiment  is  then 
carried  on  as  before.  Lithium  is  the  lightest  of  all  metals,  its  specific 
gravity  is  0*59,  owing  to  which  it  even  floats  on  naphtha  ;  it  melts  at 
180°,  but  does  not  volatilise  at  a  red  heat.  Its  appearance  recalls  that 
of  sodium,  and,  like  it,  it  has  a  yellow  tint.  At  200°  it  bums  in  air 
with  a  very  bright  flame,  forming  lithium  oxide.  In  decomposing 
water  it  does  not  ignite  the  hydrogen.  The  characteristic  test  for 
lithium  compounds  is  the  red  coloration  which  they  impart  to  a  colour- 
less flame.*® 

Bunsen  tried  to  determine  by  means  of  the  spectroscope  whether 
any  other  as  yet  unknown  metals  do  not  occur  in  diflerent  natural 
products  together  with  lithium,  potassium,  and  sodium,  and  he  soon 
discovered  two  new  alkali  metals  showing  independent  spectra.  They 
are  named  after  the  characteristic  coloration  which  they  impart  to  the 

^^  In  (letemiining  the  presence  of  lithium  in  a  given  compound,  it  is  best  to  treat  the 
material  under  investigation  with  acid  (in  the  case  of  mineral  silicon  compounds  hydro- 
fluoric ucid  must  be  taken),  and  to  treat  the  residue  with  sulphuric  acid,  evaporate  to 
dryness,  and  extract  with  alcohol,  which  dissolves  a  certain  amount  of  the  lithium  sul- 
pliate.  It  is  easy  to  discover  lithium  in  such  an  alcoholic  solution  by  means  of  the  colo- 
ration imparted  to  the  flame  on  burning  it,  and  in  case  of  doubt  by  investigating  its 
light  in  a  s]>ectro8cope,  because  lithium  gives  a  red  line,  which  is  very  characteristic  and 
is  found  as  a  dark  line  in  the  solar  spectrum.  Lithium  was  first  discovered  in  1S17  in 
petolite  by  Arfvedson. 
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flame.     Cue  which  gives  a  red  and  violet  Imnd  is  named  rubidium,. 
from  nibidivs  (dark  red),  and  the  other  is  called  cctewum,  because  I 
colours  a  pale  flame  sky  blue,  which  depends  on  its  containing  bri^' 
blue  mys,  which  appear  in  the  spectrum  of  caesium  as  two  blue  bands. 
Both  metals  accompany  sodium,  potassium^  and  lithium^  but  in  sdiaII 
quantities  ;  rubidium  occurs  more  frequently  than  caesiuni.  The  amountj 
of  the  oxides  of  caesium  and  rubidium  in  lepidulite  does  not  gener 
exceed  one- half  p.c.    Rubidium  has  also  been  found  in  the  ashes  of  mwiy 
plants,  but  it  doe«  not  seem  to  accompany  potassium    in   sea  vr&ttt. 
Rubidium  also  occurs,  altliough  in  very  small  quantities,  in  the  majority 
of  mineiul  waters.     In  a  very  few  coses  caesium  is  not  accompanied  hy 
ruljidium  ;  thus,  in  a  certain  granite  on  the  Isle  of  Elba,  caesiam  has 
been  disco veretl,  but  not  rubidium.     Tliis  granite  contains  a  very  raw 
mineral  called  pollifX\  which  contains  as  uiueh  as  34   p.c   of   caesiuiij 
oidde-"*^     Guided  by  the  spectroscope,  and  aided  by  the   fact   that  Uift- 
double  salts  of  platinic  chloride  and  rubidimn  and  caesium   chk 
are  stUl  less  soluble  in  water  than  the  con*esponding  pota&sium  salt^' 
K.^PtCl,j,  Bunsen  succeeded  in  Hcparatiiig  lx>th  metals  from  each  oti 
and  fix)m  potassium,    and   demonstratetl  the  great  resemblance  tli« 
bear  to  each  other.     The  isolated  raetals,^'^  rubidium  and  caesiam,  hav 


"  The  mXU  of  the  mnjority  of  metals  lire  precipitated  us  carbotiatea  on  the  Additi 
of  araraoniam  curbonate — for  inatttiioe^  the   wnUs  of  ciihnuiii,  iron,   Arc.       TUe 
whose  cftrbonfttt?s  iirti  soluble  are  nut,  however^  precipitatfd  in  this  casif.     On  ermiK 
ing  the  reBultant  Hnlution  lUitl  igiiitinf^  the  residue  (to  reriieive  tlie  lunnioniuifi  sitltvt,  i 
obtain  salts  of  tht^  alknh  nietaU,     Tliey  may  b«  K^parated  by  adding   iiydrodJuric  * 
with  &  solution  of  plutinie  cldoride.     The  chlorides  of   Uiliitiin  and  !«odituji  gire  i 
holnble  double  raIIh  with  plkitimie  cldoride,  whilnt  the  chlondfi^s  of  jiotaHfiitun,  mbidlil 
and  caesiuni  fonn  double  ftalta  which  nre  sparingly  soluble*     A  hundrt*d   parts  of  i 
tkt  C^  diwsiijlve  O'Ti  jxirt  of  the  potassium   platinochJoride  ;    the  currespoiicliiijf  mbi^ii 
platinochloride  in  only  dissolved  to  tlie  amount  of  0'131   pai't,  and  the   cji^^am  i 
0'0'il  part;  at   100'^    BliJ   parts  of  potasfiiiim  platinochloride^   KaPtClg,    Is   di»aoLT 
0*634  p^krts  of  nibidiuni  pliitinochloride,  and   0177  parts  of  caesiiun   pliituioclilc) 
From  thifi  it  m  olenr  liow  the  saltn  of  rybldiuni  and  oatiflium  uuiy  be    isolated. 
fiepaiiatioll  of  caesiuni   from  rubidiuju   by  thi&  means  is    very   lengthy.       It  is   ^tfff" 
effected  by  taking  advmibige  of  the  difTerent'e  of  the  Jiolubility  of  their  curboiiAleft  (a 
ak'ohol  f  cai?»inni  curbonute,  Cs^CO-,  is  soluble  in  uh  obolj  whilst  tiie  correeponditlfi^  sail* 
of  rubidium  and  jx>ta§eium  are  almost  insoluble.     Sctterber^  separated  the»e  tnotttlAa* 
alumfiT  hut  tlie  bettt  method,  that  given  by  Bchari)le«,  is  founded  on  the    faci  UlAi  tti 
A  mixture   of   the   ehJorides  of  potftSHiura,  sodiiim,  cat^Nium,  and  rubidium   in  th«  i 
aetice  of  hydrtxdilorie  acid  stannic  chloride  pri^e-ipitat^ii  a  double  Malt  of  coeaiatn,  wkkJl  ( 
very  alightly  soluble.     The   aatta  of  Rb   and  Cs  are  closely  ana^logous    to   tluH* 
poiasaium. 

*'  BunBcn  obtiiined  rubidium  by  distilling  a  mixture  of  th<*  tartrate  wiUi  «k»I,  *■*«* 
BeketoH  (1&B8)  by  beating  the  hydroxide  with  aluminium  2BbHO -f  Al  *=.  HbAlOw • 
H^  +  Kh.  By  the  action  of  H5  grams  of  rubidium  on  water,  91000  beat  oniU  w* 
evolved*  Setterb^^K  ol>tuined  ea«>««ium  (lart2)  by  the  eleetroIvMih  of  a  ftii^ecl  uilxtim 
cyanide  of  caeaiuni  nnd  of  btirium, 
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{specific  gravities  of  1*52  and  1*88  respectivelj,  and  melt  at  39*^  and 


Judging  by  the  properties  of  the  fret?  metals,  and  of  their  coj-re- 
spending  and  even  very  complex  compounds,  lithium^  sodium^  potas- 
siunij  rubidium,  and  caesium  present  an  indubitable  chemical  resem- 
blance. The  fact  that  the  metals  easily  decorapt^ae  water,  and  that 
ttieir  hydroxides  RHO  and  carbonates  R.2CO3  are  soluble  in  water, 
whilst  the  hydroxides  and  carbonates  of  nearly  all  other  metals  are 
insoluble,  confirms  this,  and  if  the  resemblance  between  the  correspond- 
ing salts  be  taken  into  consideration  there  is  no  doubt  that  the  resem- 
blance in  the  chemical  character  of  these  metals  is  very  considerable  : 
therefore  they  form  a  natural  group  of  alkali  vieials.  The  halogens 
and  the  alkali  metals  fomi,  by  their  character,  the  two  extremes  of 
the  elements.  Some  of  the  other  elements  are  metals  approaching  in  a 
certain  degree  the  alkali  metals,  both  in  their  capacity  of  foi-ming  sidts 
and  in  not  fonning  acid  com  pound  Sj  hut  are  not  so  energetic  as  the  alkali 
metals,  and  are  displaced  by  the  latter  from  the  majority  of  their  com- 
pounds ;  they  also  evolve  less  heat  in  combiiung  with  the  halogens,  and 
form  less  energetic  bases  than  the  alkali  metals.  Such  are  the  common 
metitls,  silver,  iron,  copper^  <kc.  Home  other  elements,  in  the  character 
of  their  coin  pounds,  approach  the  halogens,  and,  like  them,  combine 
with  hydrogen,  but  these  compounds  do  not  show  the  energetic  property 
of  the  halogen  acids  ;  in  a  free  state  they  easily  combine  with  metals, 
but  they  do  not  then  fomi  such  saline  compounds  as  the  halogens  do — 
in  a  word,  the  halogen  properties  are  less  sharply  defined  in  them  than 
in  the  halogens  themselves.  Sulphur,  phosphorus,  arsenic,  d:c.,  belong 
to  this  order  of  elements.  Lastly,  there  is  yet  another  order  of  elements, 
like  carbon  and  nitrogen,  in  which  neither  the  metallic  nor  tlie  halogen 
pi*operties  are  clearly  defined,  and  which  in  this  respect  occupy  an 
iiitei-mediate  position  between  the  two  above-mentioned  orders  of  ele- 
ments. 

The  clear  distinction  of  the  properties  of  the  halogens  and  alkali 
metals  is  expressed  in  the  fact  that  the  former  give  acids  and  do  not 
form  bases,  whilst  the  latter,  on  the  contrary,  only  give  l^ses.  The 
first  are  true  add  AementSy  the  latter  clearly -de  fined  basic  or  metallic 
elen^ents.  On  combining  together,  the  halogens  form,  in  a  chemical 
sense,  unstable  compounds,  and  the  alkali  metals  alloys  in  which  the 
character  of  the  metals  remains  unaltered,  just  .'ls  in  the  compound 
101  the  character  of  the  halogens  remains  undisguised  ;  thus  both  classes 
of  elements  on  combining  with  meml^ers  of  their  own  class  form  non- 
characteristic  compounds,  which  have  the  properties  of  their  compo- 
nents.    On  the  other  hand,  the  halogens  on  combining  with  the  alkali 
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metals  form  compounds  which  are,  in  all  respects,  stable,  and  in  which 
the  original  characters  of  the  halogens  and  alkali  metals  have  entirely 
disappeared.  The  formation  of  such  compounds  is  accompanied  by 
evolution  of  a  large  amount  of  heat,  and  by  an  entire  change  of  both 
the  physical  and  chemical  properties  of  the  substances  originaUy  taken. 
The  alloy  of  sodium  and  potassium,  although  liquid  at  the  ordinary 
temperature,  is  perfectly  metallic,  like  both  its  components.  The 
compound  of  sodium  and  chlorine  has  neither  the  appearance  nor  the 
properties  of  the  original  elements  ;  sodium  chloride  melts  at  a  higher 
temperature,  and  is  more  difficultly  volatile,  than  either  sodium  or 
chlorine. 

With  all  these  qualitative  differences  there  is,  however,  an  important 
quantitative  resemblance  between  the  halogens  and  the  alkali  metaJU, 
This  resemblance  is  clearly  expressed  by  stating  that  both  orders  of 
elements  belong  to  those  which  are  univalent  with  respect  to  hydrogen. 
It  is  thus  possible  to  express  that  both  the  above-named  orders  of  ele- 
ments replace  hydrogen  atom  for  atom.  Chlorine  is  able  to  take  Uie 
place  of  h^fdrogen  by  metalepsis,  and  the  alkali  metals  take  the  place 
of  hydrogen  in  water  and  acids.  As  it  is  possible  to  consecutively  re- 
place every  equivalent  of  hydrogen  in  a  hydrocarbon  by  chlorine,  so  it 
is  possible  in  an  acid  containing  several  equivalents  of  hydrogen  t'^ 
replace  the  hydrogen  consecutively  equivalent  after  equivalent  by  an 
alkali  metal ;  hence  an  atom  of  these  elements  is  analogous  to  au 
atom  of  hydrogen,  which  is  taken,  in  all  respects,  as  the  unit  for  the 
comparison  of  the  other  elements.  In  ammonia  and  in  wat^r  chlorine 
and  sodium  are  able  to  bring  about  a  direct  replacement.  Accoi-diiig  to 
the  law  of  substitution,  the  formation  of  sodium  chloride,  XaCl,  ali-eady 
shows  the  equivalence  of  the  atoms  of  the  alkali  metals  and  the  halo- 
gens. The  halogens  and  hydrogen  and  the  alkali  metals  combine  with 
such  elements  as  oxygen,  and  it  is  easily  seen  that  in  such  compounds 
one  atom  of  oxygen  is  able  to  retiiin  two  atoms  of  the  halogens,  of 
hydrogen,  and  of  the  alkali  metals.  In  this  respect  it  is  enough  to 
compare  the  compounds  KHO,  K^O,  HCIO,  and  Cl.^O,  with  water.  It 
must  not  be  forgotten,  however,  that  with  oxygen  the  halogens  givt* 
higher  acid  grades  of  oxidation,  besides  compounds  of  the  ty\>e  R.A), 
which  the  alkali  metals  and  hydrogen  are  not  capable  of  forming.  AVr 
shall  soon  see  that  these  relations  are  also  subject  to  a  special  lav. 
showing  the  gradual  transition  of  the  properties  of  the  elements  from 
the  alkali  metals  to  the  halogens.*^ 

*^  Wo  may  here  observe  that  the  halogens,  and  especially  iodine,  may  plaj-  the  \x\ii 
of  metals  (hence  iodine  is  more  easily  replaced  by  metals  than  the  other  halogens,  ami  :• 
approaches  nearer  to  the  metals  in  its  physical  ijroperties  than  the  other   hAlo>je«s 
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The  atomic  weights  of  the  alkali  metals,  lithium  7,  sodium  23,  po- 
tassium 39,  rubidium  85,  and  caesium  133,  show  that  here,  as  in  the 
halogens,  the  elements  may  be  arranged  according  to  their  atomic 
weights  in  order  to  compare  the  properties  of  the  analogous  compounds 
of  the  members  of  this  group.  Thus,  for  example,  the  platinochlorides 
of  lithium  and  sodium  are  soluble  in  water;  those  of  potassium, 
rubidium,  and  caesium  sparingly  soluble,  and  the  greater  the  atomic 
weight  of  the  metal  the  less  soluble  is  the  salt.  In  other  cases  the 
reverse  is  observed— the  greater  the  atomic  weight  the  more  soluble 
are  the  corresponding  salts.  The  variation  of  properties  with  the  varia- 
tion in  atomic  weights  oven  shows  itself  in  the  metals  themselves  ;  thus 
lithium  volatilises  with  difficulty,  whilst  sodium  is  obtained  by  means 
of  distillation,  potassium  volatilises  more  easily  than  sodium,  and  rubi- 
dium and  caesium,  as  we  have  seen,  are  still  more  volatile. 

Schiitzenberjfer  obtained  a  compound  C2H50(0C1),  which  he  called  chlorine  acetate,  by 
acting  on  acetic  anhydride,  (C.2H50)20,  with  chlorine  monoxide,  CI3O.  With  iodine  this 
compound  disengages  chlorine  and  forma  iodine  acetate,  C2H30(OI),  which  also  in  form^ 
by  the  action  of  iodine  chloride  on  sodium  acetate,  CjH30(0Na).  Such  compounds  are 
very  unstable,  decompose  with  an  explosion  when  heated,  and  are  changed  by  the  action 
of  water  and  of  many  other  re-agents,  which  is  in  accordance  with  the  fact  that  they  con- 
tain very  closely-allied  elements,  as  CljO  itself,  or  ICl  or  KNa.  By  the  action  of  chlorine 
monoxide  on  a  mixture  of  iodine  and  acetic  anhydride,  Schiitzenberger  also  obtained  the 
compound  I(C2H502)5,  which  is  analogous  to  ICl;,  because  the  group  CjHjO:,.  is,  like  CI, 
a  halogen,  forming  salts  with  the  metals. 
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CHAPTER  XIV 

THK   VALENCY   AND  SPECIFIC   HEAT  OP   THE   METALS.       MAGNESIUM, 
CALCIUM,   STRONTIUM,   BARIUM,    AND  BERYLLIUM 

It  is  easy  by  investigating  the  composition  of  corresponding  com- 
pounds, to  establish  the  equivalent  toeights  of  the  metals — that  is,  the 
quantity  which  replaces  one  part  by  weight  of  hydrogen.  If  a  metal 
directly  decomposes  acids,  with  the  evolution  of  hydrogen,  then  the 
equivalent  weight  of  the  metal  may  be  determined  by  taking  a  definite 
weight  of  it  and  measuring  the  volume  of  hydrogen  evolved  by  its 
action  on  an  excess  of  acid  ;  then  it  is  easy  to  calculate  the  weight 
of  the  hydrogen  from  its  volume.^  The  same  result  may  be  anived  at 
by  determining  the  composition  of  the  normal  salts  of  the  metal  ;  for 
instance,  by  finding  the  weiglit  which  combines  with  35*5  pjirts  of 
chlorine  or  80  parts  of  bromine.'^  The  equivalent  of  a  metal  may  be 
also  learnt  by  simultaneously  (z.^.,  in  one  circuit)  decomposing  an  acid 
and  a  fused  salt  of  a  given  metal  by  an  electric  current  and  determin- 
ing the  relation  between  the  amounts  of  hydrogen  and  metal  separated, 
because,  according  to  Faraday's  law,  electrolytes  (conductors  of  the 
second  order)  are  always  decomposed  in  equivalent  quantities.  The 
equivalent  of  a  metal  may  even  l)e  found  by  simply  determining  the 
relation  between  the  weight  of  a  metal  and  of  its  salt  giving  oxide, 
as  by  this  weight  we  know  the  weight  of  the  metal  which  combines 
with  8  parts  by  weight  of  oxygen,  and  this  will  be  the  weight  of  an 
equivalent,  because  8  parts  of  oxygen  combine  with  1  part  by  weight  of 


•  Under  favourable  circuniKtances  (by  taking  all  the  requisite  precautions),  Uie  weight 
of  the  equivalent  may  be  accurately  determined  by  this  method.  Thus  Reynolds  and 
Ramsay  (18b7)  determined  the  equivalent  of  zinc  to  be  82-7  by  this  method  (from  the 
average  of  23  experiments),  whilst  by  other  methods  it  has  been  fixed  (by  diflfereut 
observers)  between  32*55  and  83'95. 

The  difference  in  their  eijiiivalents  may  be  demonstrated  by  taking  equal  weights  of 
different  metals,  and  by  collecting  the  hydrogen  evolved  by  them  (under  the  action  of  an 
acid  or  alkali). 

^  The  most  accurate  detenninations  of  this  kind  were  carried  on  by  Stas,  and  will  be 
described  in  epeaking  of  silver. 
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hydrogen.  Onemethotl  is  verified  by  another,  and  all  the  processes  for 
the  aecui^te  detenu  ID  at  ion  of  the  equivalents  require  the  most  accurate 
methods  to  avoid  the  al>si>rption  of  moisture,  of  further  oxidation, 
volatility,  and  other  like  circumstances  whicii  influence  exact  weigh* 
ings.  The  description  of  the  methods  necessary  for  the  attainment  of 
exact  i-esttlts  Ijelongs  to  the  province  of  analytical  chemistry. 

For  univalent  metals,  like  those  of  the  alkalis,  the  weight  oi  the 
equivalent  is  equal  to  the  weight  of  the  atom.  For  bivalent  metals 
the  atomic  weight  is  equal  to  the  weight  of  two  equivalents,  for  7t-valent 
metals  it  is  equal  to  the  weight  of  ra  equivalents.  Thus  aluminiunij 
A1^27,  is  trivalent,  that  is,  its  equivalent  =s  i)  ;  magnesium,  Mg^24, 
is  bivalentj  and  its  ec|uivalenti=12.  Therefore,  if  potassium  or  sodium, 
or  in  general  a  univalent  mettil,  M,  gives  compounds  M.^0,  MHt  *» 
MClj  MNO3,  MaSO^,  itc,  and  in  general  MX,  then  for  bivalent 
metals  like  magnesium  or  calcium  the  corresponding  compounds 
will  he  MgO,  Mg{HO)„  MgCl,,  MgiNOa).,  MgSO,,  drc,  or  in  general 

By  what  are  we  to  he  guided  in  ascribing  to  some  metals  uni- 
valency  and  to  others  hi-  ter-  quadn-.  *  .  w- valency  jf  What  obliges 
us  to  make  this  difference  ?  Why  are  not  all  metals  given  the  same 
valency — for  instance,  why  is  not  magnesium  eonsidei-ed  as  univalent  7 
If  this  be  done,  taking  Mg==12  (and  not  24  as  now  used),  not  only  is 
a  simplicity  of  expression  of  the  coniposition  of  all  the  compounds  of 
magnesium  attained,  but  also  we  gain  the  advantage  that  their  com- 
position will  be  the  same  as  those  of  the  corresponding  compounds  of 
sodium  and  potassium.  These  compositions  were  bo  expressed  before, 
why  has  this  been  changed  now  t 

These  questions  could  only  be  answered  after  the  establishment  of 
the  conceptions  of  multiples  of  the  atomic  weights  as  tlie  minimum 
quantities  of  the  elements  combining  together  to  foi-m  compounds  -in 
a  word,  since  the  time  of  the  establishment  of  Avogadro-Cierhardt's  law 
(Chap.  VII.).  By  taking  such  an  element  as  arsenic,  which  has  many 
volatile  compounds,  it  is  easy  to  deterrnine  the  <lenjiity  of  these  com- 
pounds, and  therefore  to  establiiih  their  molecular  weights,  and  hence 
to  find  the  indubitable  atomic  weight,  exactly  as  for  oxygen,  nitrogen, 
chlorine,  carbonj  «fcc.  It  appeai-s  that  A8=75,  and  its  compounds  cor- 
respond, like  the  compounds  of  nitrogen,  with  the  forms  AsX^  and 
AsX^  ;  for  example^  AsH^,  AsCl^,  AsFl^,  As^O^,  ^tc.  It  is  evident 
that  we  are  here  dealing  with  a  metal  (or,  better,  element)  of  two 
valencies,  and  which  is  furthermore  in  no  way  univalent,  but  tri-  or 
quinqui-valent.  This  example  alone  is  suflicient  for  the  recognition  of 
the  existence  of  polyvalent  atoms  among  the  metals.     And  as  antimony 
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and  bismuth  are  closely  analogous  to  arsenic  in  all  their  compoundN 
as  potassium  is  analogous  to  rubidium  and  caesium ;  therefore, 
although  very  few  volatile  compounds  of  bismuth  are  known,  it  was 
necessary  to  ascribe  to  them  formulae  corresponding  with  those  ascrikil 
to  arsenic. 

As  we  shall  see  in  describing  them,  there  are  also  many  analogous 
metals  among  the  bivalent  elements,  some  of  which  also  give  volatile 
compounds.  For  example,  zinc,  which  is  itself  volatile,  gives  several 
volatile  compounds  (for  instance,  zinc  ethyl,  ZnC^Hio,  which  boils  at 
118°,  vapour  density=61-3),  and  in  the  molecules  of  all  these  com- 
pounds there  is  never  less  than  65  parts  of  zinc,  which  is  equivalent  to 
H2,  because  65  parts  of  zinc  displace  2  parts  by  weight  of  hydrot^n  ;  s<> 
that  zinc  is  just  such  an  example  of  the  bivalent  metals  as  oxygen, 
whose  equivalent  =8  (]>ecause  H^  is  replaced  by  0=16),  is  a  representa- 
tive of  the  bivalent  elements,  or  as  arsenic  is  of  the  tri-  and  quinqui- 
valent elements.  And,  as  we  shall  afterwards  see,  magnesium  is  in 
many  respects  closely  analogous  to  zinc,  which  fact  obliges  us  to  regard 
magnesium  as  a  bivalent  metal. 

Such  metals  as  mercury  and  copper,  which  are  able  to  give  not  one 
but  two  bases,  are  of  particular  importance  for  distinguishing  univalent 
and  bivalent  metals.  Thus  copper  gives  the  suboxide  CujO  and  the 
oxide  CuO — that  is,  the  compounds  CuX  corresponding  with  the  sub- 
oxide are  analogous  (in  the  quantitative  relations,  by  their  coniposition> 
to  XaX  or  AgX,  and  the  compouiuls  of  the  oxide  CuX 2  to  MgXv. 
ZnX2,  and  in  general  to  the  bivalent  metals.  It  is  clear  that  in  such 
examples  we  must  distinguish  metals  of  varying  atomicity. 

In  tliis  manner  the  valency  of  many  metals  may  be  establishes! 
by  means  of  certain  and  comparatively  few  volatile  metallic  com- 
pounds, and  by  the  aid  of  a  search  into  their  analogies  (concerninic 
which  see  Chap.  XV.).  T/ie  lair  0/ specijic  heats  discovered  by  Duloii'^ 
and  Petit  has  frequently   been  applied  to  the  same  purpose  ^    in  the 

5  The  cliief  means  by  wliich  we  determine  the  valency  of  the  elementR,  or  wliat 
multiple  of  the  equivalents  should  be  ascribed  to  the  atom,  are  :  (1)  The  law  of  Avogadr> 
Gerhardt.  This  method  is  the  most  general  and  trustworthy,  and  has  already  been 
applied  to  a  great  number  of  elements.  (*2)  The  different  grades  of  oxidation  and  their 
isomori)hism  or  analogj'  in  general ;  for  example,  Fe  =  5G  because  the  suboxide  (fem:)n> 
oxide)  is  isomorphous  with  magnesium  oxide,  ttc,  and  the  oxide  (ferric  oxide)  contain^ 
li  times  as  nmch  oxygen  as  the  suboxide.  Berzelius,  Marignac,  and  others  took  advan- 
tage of  this  method  for  determining  the  composition  of  the  compounds  of  many  element-. 
(3)  The  specific  heat,  according  to  Dulong  and  Petit's  law.  Regnault,  and  more  esi^c^iallv 
Cannizzaro,  used  this  method  to  distinguish  univalent  from  bivalent  metals,  (4)  Tiif 
pericolic  law  {.sec  Chapter  XV.)  has  served  as  a  means  for  the  determination  of  tl;*^ 
atomic  weights  of  cerium,  uranium,  yttrium,  I'irc.,  and  more  especially  of  gallium, 
scandium,  and  germanium.      The   correction    of   the  results  of  one  method  bv  thov 
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history  of  chemistry,  especially  since  the  development  given  to  this  law 
by  the  researches  of  Regnault,  and  since  Cannizzaro  (I860)  showed  the 
agreement  between  the  deductions  of  this  law  and  the  consequences 
arising  from  Avogadro-Gerhardt's  law. 

Dulong  and  Petit,  having  determined  the  specific  heat  of  a  number 
of  solid  elementary  substances,  observed  that  as  the  atomic  weights  of 
the  elements  increase,  their  specific  heats  decrease,  and  that  the  product 
of  the  specific  heat  Q  into  the  atomic  weight  A  is  an  almost  constant 
quantity.  This  means  that  to  bring  different  elements  into  a  known 
thermal  state,  an  equal  amount  of  work  is  required  if  atomic  quantities 
of  the  elements  are  taken  ;  that  is,  the  amounts  of  heat  expended  in 
heating  equal  quantities  by  weight  of  the  elements  are  far  from  equals 
but  are  in  inverse  proportion  to  the  atomic  weights.  For  thermal 
changes  the  atom  is  a  unit  ;  all  atoms,  notwithstanding  the  difference  of 
weight  and  nature,  are  equal.  This  is  the  simplest  expression  of  the 
fact  discovered  by  Dulong  and  Petit.  The  specific  heat  measures  that 
quantity  of  heat  which  is  required  to  raise  the  temperature  of  one  unit 
of  weight  of  a  substance  by  one  degree.  If  the  magnitude  of  the- 
specific  heat  of  elements  be  multiplied  by  the  atomic  weight,  then  we 
obtain  the  atomic  heat — that  is,  the  amount  of  heat  required  to  raise 
the  temperature  of  the  atomic  weight  of  an  element  by  one  degree.  It 
is  these  products  which  for  the  majority  of  the  elements  prove  to  be 
approximately,  if  not  quite,  identical.  A  complete  identity  cannot  be 
expected,  because  the  specific  heat  of  one  and  the  same  substance  varies 
with  the  temperature,  with  its  passage  from  one  state  into  another,  and 
frequently  with  even  a  simple  mechanical  change  of  density  (for  in- 
stance by  hammering),  not  to  speak  of  allotropic  changes,  &c.     We  will 


of  others  is  generally  had  recourHe  to,  and  is  quite  necessary,  because  phenomena  of  di8» 
Hociation,  polymerisation,  li'c,  may  complicate  the  individual  determinations  by  each 
method. 

It  will  be  well  to  observe  that  a  number  of  other  methods,  especially  from  the  province 
of  those  physical  properties  which  are  clearly  dependent  on  the  magnitude  of  the  atom 
(or  equivalent)  or  of  the  molecule,  may  lead  to  the  same  result.  I  may  point  out,  for 
instance,  that  even  the  specific  gravity  of  solutions  of  the  metallic  chlorides  (Chapter  VII. 
p.  822)  may  ser^-e  for  this  purpose.  Thus  if  beryllium  be  taken  as  trivalent — that  is,  if 
the  composition  of  its  chloride  be  taken  as  BeClj  (or  a  polymeride  of  it),  then  the  specific 
gravity  of  solutions  of  beryllium  chloride  will  not  fit  into  the  series  of  the  otfier  metallic 
chlorides.  But  on  as<Tibing  to  it  an  atomic  weight  Be  =»  7,  or  taking  Be  as  bivalent,  the 
composition  of  its  chloride  as  BeCl^,  we  arrive  at  the  general  rule  given  on  p.  818.  Thus 
W.  G.  Burdakof!  determined  in  my  laboratory,  that  the  specific  gravity  at  15°  4^  of  the 
solution  BeCl.j  +  2()0H>O  =  1  01 38— that  is,  greater  than  the  corresponding  solution 
KCl  -f  200H>0  (=10121),  and  less  than  the  solution  MgCl.  +  200H«,O  (=  10208),. 
as  would  follow  from  the  magnitude  of  the  molecular  weight  BeClj  =  80,  because* 
KCl  =--74-5  and  MgClo  =  05  (see  my  work  Investigation  of  Aqueous  Solutions^  1887,. 
p.  425). 
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cite  several  figures*  proving  the  truth  of  the  conclusions  arrived  at 


by  Dulong 

and  Petit. 
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It  is  seen  from  this  that  the  product  of  the  specific  heat  of  the 
^element  into  the  atomic  weight  is  an  almost  contant  quantity,  which 
is  nearly  6.  Therefore  the  possibility  arises  of  judging  the  valency 
with  a  sufficient  degree  of   exactitude,  by  the  specific    heats  of  iho 

*  The  specific  heats  liere  given  refer  to  different  Uniits  of  temiJerature,  but  in  tbt 
majority  of  cases  between  0°  and  100°  ;  only  in  the  case  of  bromine  the  specific  heat  i* 
taken  (for  the  soHd  state)  at  a  temperature  below  —7°,  according  to  Regnault's  dettr 
mination.  The  variation  of  the  specific  heat  with  a  change  of  temj)craturc  form^.  .. 
very  complex  phenomenon,  the  consideration  of  which  I  think  would  here  be  out  of  plao- 
I  will  only  cite  certain  figures  as  an  example.  According  to  Bystrom,  the  specific  he<it  -i 
iron  at  0^  =  01116,  at  100°  =  0-1114,  at  200'^  =  01188,  at  800°  =  0'1207,  and  at  1400"  - 
•0*4031.  Between  these  last  limits  of  temperature  a  change  takes  place  in  iron  (a  >ih  is 
taneous  heating,  r^ca/<'scf?tre),  as  we  shall  afterwards  see.  For  quartz  SiO.2,  Pioneli«M. 
gives  Q  =  01787  +  894fl0-<^  -  27^^10"^  up  to  400° ;  consequently,  as  a  rule,  the  spe<.ili- 
heat  varies  with  the  temperature.  Still  more  remarkable  are  H,  E.  Weber's  ob»ervation> 
on  the  great  variation  of  the  specific  heat  of  charcoal,  the  diamond  and  boron  : 

0=  lf>0^  200°  000^  900° 

Wood  charcoal  0*15  028  029  044  0-46 

Diamond  010  019  022  0-44  0*45 

Boron  022  029  0-85  —  — 

These  determinations  (they  have  been  verified  by  Dewar)  are  of  especial  importance  u^ 
confirming  the  universality  of  Dulong  and  Petit's  law,  because  tlie  elements  mentioms] 
above  form  exceptions  to  the  general  rule  when  the  mean  specific  heat  for  temJ.>e^Atu^•^ 
between  0'-^  and  100^  is  taken.  Tims  in  the  case  of  the  diamond  the  product  of  AxQ 
at  0°  -^  1'2,  and  for  boron  ^2-4.  But  if  W(^  take  the  specific  heat  towards  which  tliert  i- 
evidently  a  tendency  with  a  rise  of  temperature,  then  we  obtain  a  product  appnwchiiig 


^ 
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aetak.  Thus,  for  instance,  the  speciHc  beiits  oi  lithium,  sodium,  and 
Dtassium  convince  one  of  the  fact  that  their  atomic  weiglits  are 
indeed  those  which  we  tc»ok,  because  hy  multiplying  the  specitic  heats 
found  by  experiment  by  tEie  corresponding  atomic  weights  we  obtain 
the  following  figures:  Li,  6-59,  Ka,  675  and  K,  6'47.  Of  the 
idkaline  earth  metals  the  specitic  heats  have  been  determinefl  :  of  mag- 
nesium =0*2  45  (llegiiHult  and  Kopp),  of  ealcium  =  0  170  (Bunsen),  and 
of  barium  1^0 'Ofi  (Mendeh^eff).  If  the  same  composition  be  ascribed  to 
the  compounds  of  magnesium  as  to  the  corresponding  compounds  of 
potassium,  then  the  equivalent  of  magiiesium  will  be  equal  to  12,  On 
multiplying  this  atojuic  weight  by  the  specific  heat  of  magne.sium,  we 
obtain  a  figure  2*04,  which  is  half  that  which  is  given  by  the  other 
elements,  and  therefore  the  atouiic  weight  of  magnesium  must  be  taken 
aa  equal  to  24:  and  not  to  12*  Then  the  atomic  heat  of  magnesiums^ 
24x0*245^:5'9  ;  for  calcium^  gi^'ii^isi  its  compounds  a  composition 
CaXa — forexiunple  CaClj,,  CaSO^j  CaC)  {Ca^40)— we  obtain  an  atomic 
heats40  xO*17=6'Sj  and  for  barium  it  is  equal  to  137  x0*05  =  fi'8; 
that  is,  they  must  be  counted  as  bivalent,  or  that  their  atvim  replaces 
Ha,  Na.2,  or  K^.  This  conclusion  may  be  confirmed  by  a  method  of 
analogy,  as  we  shall  afterwards  see.  A  strict  applicatiun  of  the  prin- 
ciple of  specific  heats  to  the  determination  of  tlie  magnitudes  of  the 
atomic  weights  of  those^ metals,  the  magnitude  of  whf^so  atomic  weights 

to  6  M  with  other  elemei&tB.  TIiuh  with  Hhe  (Uftmond  imc)  diarcoal,  it  is  evident  that  th« 
^eoific  heat  tendA  ttiwards  0*47,  whicli  uulbiplied  by  12  givet»  5'0,  the  mme  as  for  inag- 
ncgimn  und  wluminium.  I  nmy  ht^r.j  tan)  the  render^s  attention  to  the  f*ct  tliat  for 
solid  til«ments  hnvlDg  a  Bm&ll  aioiuic  weight,  the  specific  heaX  varicA  contiidorably  if  wo 
take  the  Average  figures  for  Usmpv  rut  ares  0^  to  lOCP: 


Li  =  7 

Be  =  y 

B-11 

C«12 

Q-    0  94 

0*42 

0*34 

o-ao 

AQ  =     6(S 

8'^ 

ae 

84 

It  iH  therefore  clear  that  the  specific  heat  of  berylUam  determined  at  a  low  temperature 
caimoi  senre  for  t'stablirfiing  its  atomicity.  On  the  other  hand,  the  low  atomic  heat  of 
chATOOal^  graphite,  and  the  diamond,  I>oron,  &c.,  may  perliaps  depend  on  the  complexity 
of  the  molecaluti  of  theae  elements.  The  ueoentiity  for  ac-kuowledging  a  groat  complexity 
of  the  moleculea  ol  oftrbon  was  explained  ia  Chapter  VII L  In  tJie  case  of  sulphur  the 
molecule  oontaiaaal  leoat  S^  and  Its  atomic  heat  =  S2  x  O'MB  =  5*22,  which  i^  dintinctly 
below  the  normah  If  a  great  number  of  atoma  of  carbon  are  gathered  together  in  the 
molecule  of  charcoal,  ihia  woultl  to  a  certain  extent  account  for  its  comparatively  small 
atomic  heat>  Witlj  respect  to  the  specific  heat  of  compounds  it  will  not  Ix^  out  of  place 
to  here  mention  the  conclu&ion  arrived  at  by  Kopp,  that  the  molecular  heat  (that  in,  the 
product  of  MQ)  may  bi'  looked  on  as  the  stun  of  the  atomic  heats  of  its  compouejat 
elements  ;  but  a«i  this  rule  i«  not  a  general  one,  and  can  only  be  applied  to  an  approzi- 
juate  judgment  of  the  specific  lieatft  of  ^abetancee,  I  do  not  tliink  it  necessary  to  go  into 
the  details  of  the  conclusions  described  in  Liebig*a  *  Aimalen  Supplement-Band/  1864 ; 
which  includes  a  number  of  determiiuktions  made  by  Kopp. 

VOL.    I.  P  P 
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could  not  be  determined  according  to  Avogadro-Gerhardt's  law,  was 
made  about  1860  by  the  Italian  professor  Cannizzaro. 

Exactly  the  same  conclusions  respecting  the  bivaJence  of  magnesium 
and  its  analogues  are  obtained  by  comparing  the  specific  heats  of  their 
compounds,  especially  of  the  halogen  compounds  as  the  most  simple,  with 
the  specific  heats  of  the  corresponding  alkali  compounds.  Thus,  for  in- 
stance, the  specific  heat  of  magnesium  and  calcium  chlorides,  MgCl,  and 
CaCljj  equal  0*194  and  0'164,  and  of  sodium  and  potassium  chlorides, 
NaCl  and  KCl,  0-214  and  0-172,  and  therefore  their  molecular  heats  (or 
the  products  QM,  where  M  is  the  weight  of  the  molecule)  are  18*4  and 
18-2,  12*5  and  12*8,  and  therefore  the  atomic  heats  (or  the  quotient  of 
QM  by  the  number  of  atoms)  are  all  nearly  6,  as  with  the  elements. 
Whilst  if,  instead  of  the  actual  atomic  weights  Mg=24  and  Ca=40, 
their  equivalents  12  and  20  be  taken,  then  the  atomic  heats  of  the 
chlorides  of  magnesium  and  calcium  would  be  about  4-6,  whilst  those  of 
potassium  and  sodium  chlorides  are  about  6*3.* 

As  the  specific  heat  or  the  amount  of  heat  required  to  raise  the 
temperature  of  a  unit  of  weight  one  degree  ^  is  a  complex  quantity— 

*  It  must  be  remarked  that  in  the  case  of  oxygen  (hydrogen  and  carbon)  compcmnd* 
the  quotient  of  MQ/7»,  where  n  is  the  number  of  atoms  in  the  molecule,  is  always  le§< 
than  6  for  solids ;  for  example,  in  the  case  of  MgO  =  5*0,  CuO  =  5'1,  MnOo  =  46, i« 
(Q  =  0504)  ^  13,  SiOo  =  35,  S:c.  At  present  it  is  impossible  to  say  whether  this  depenil> 
on  the  smaller  specific  heut  of  the  atoms  of  oxygen  in  its  soljd  compounds  (Kopp  Nott'4 
or  on  some  other  reason ;  but,  nevertheless,  taking  into  account  this  decrease  depemiic: 
on  the  presence  of  oxyj,'en,  a  reflection  of  the  atomicity  of  the  elements  may  to  a  certa?. 
extent  be  seen  in  the  specific  heat  of  the  oxides.  Thus  in  the  case  of  a^Uiniina,  Al.O- 
(Q  =  0'217),  MQ  =  22-3.  and  therefore  the  quotient  MQ/n  =  4*5,  which  is  nearly  thai 
given  by  magnesium  oxide,  MgO.  But  if  we  ascribe  the  same  composition  to  alumina  a> 
to  magnesia — that  is,  if  aluminium  were  counted  as  divalent — we  Mhould  obtain  the  fisu.T^ 
3'7,  which  is  much  less.  In  general,  in  comjxjunds  of  identical  atomic  conipojiitiou 
and  of  analogous  chemical  properties  the  molecular  heats  MQ  are  nearly  equal,  a^ 
many  investigators  have  long  remarked.  For  example,  ZnS  =  ll-y  and  HgS  =  11>: 
MgSO4=270  and  ZnSOt  =  280,  S:c. 

®  If  W  be  the  amount  of  heat  contained  in  a  mass  jh  of  a  substance  at  a  temperatnrt 
t,  and  (JW  the  amount  expended  in  heating  it  from  ^  to  ^  +  dt^  then  the  specific  h^i 
Q  =  (/W  {)n  X  (It).  The  specific  heat  not  only  varies  wiih  the  composition  and  compleEtr 
of  the  molecules  of  a  substance,  but  also  with  the  temperature,  pressure,  and  phvsioal 
state  of  a  substance.  Even  for  gases  the  variation  of  Q  with  t  is  to  be  observed.  *Thc» 
it  is  seen  from  the  experiments  of  Regnault  and  Wiedemann  that  the  specific  heat  .: 
carbonic  anhydride  at  0^  =  019,  at  100^ -0-22,  and  at  200°  =  0-24.  But  the  variation  c- 
the  specific  heat  of  permanent  gases  with  the  temperature  is,  as  far  as  we  know  ven-  ir- 
considerable.  Therefi»re  the  s^iecific  heat  of  those  permanent  gases  which  contain  tw 
atoms  in  the  molecule  {H,,  Oj,  N,„  CO,  and  NO)  may  be,  as  is  shown  by  experimont. 
taken  as  not  varying  with  the  temperature.  The  const^mcy  of  the  specific  heat  of  perfev*. 
gases  forms  one  of  the  fundamental  propositions  of  the  whole  theory  of  heat,  and  sup- 
ports the  determination  of  temperatures  by  means  of  gas-thermometers  contHiiiin: 
hydrogen,  nitrogen,  or  air.  Le  Chatelier  (1HH7),  on  the  basis  of  existing  det<.'rminatir.c>, 
concludes  that  the  molecular  heat— that  is,  the  product  MQ — of  all  gases  varies  in  proi»«»r- 
tion  to  the  temperature,  and  tends  to  become  equal  (  =  0"8)  at  the  temperature  of  absolute 
zero  (that  is,  at  -273^) ;  and  therefore  MQ  =  G'H  +  a(273  +  0,  where  a  is  a  constant  qaantit? 
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including  not  only  the  increase  of  the  energy  of  a  substance  with  its 
rise  in  temperature,  but  also  the  external  work  of  expansion '  and  tho 


which  JnerenipR  with  the  complex ifcy  of  the  gaseaas  molocule.  Tlie  magnitade  lOOOu  for 
ftmnir>nin=3*i*ll,  for  chloric  anhydride *=  7*42,  for  ethylene*  C^^=l2'l,tnT  chloroform, 
CHClj  --  2yr*,  Acr.  For  pt?r«mn«nt  glides  ti  —  0^  atid  MQ  =  «*H — tlxutt  if^  the  atomic  h«il  (if 
the  mnlcctilo  contuius  two  iitoms)  =  8'4,  an  it  iii  iti  reality.  As  regards  liqtiidK  (ah  well  aw  the 
vapoura  foriii(«d  by  them),  the  uperific  heat  alwaya^  ri»e»  with  the  temperature?  i  Thai*  for 
beiiveiic,  it  equabU*aH  +  0'lK>14^  R*  Hchiff  [ItSHl)  showed  that  the  variation  of  the  Apecific 
heat  of  many  or>?aiiie  hquid«»  ift  proportional  to  the  change  of  WiniierAture  (an  in  the  caae 
of  gaHe»f  according  to  L*?  Chafcelier),  and  retiuced  theite  variationn  into  dependence  with 
their  eompofiitton  and  absolute  hoiling  point.  It  i»  very  probiiiih'  that  the  ih<*ary  of 
liquida  will  make  a«e  of  the»e  simple  relations,  whii-h  recall  the  simplicity  of  the  varia- 
tion of  the  Ri>ecitic  gravity  (Chap.  II*  Note  U4),  cohei^ion^  and  other  pro|icrtic»  of  liquida 
with  the  temperature.  They  are  all  expresAed  by  the  linear  ftmctiou  of  the  temiK!rature» 
n^ht,  with  the  same  degree  of  proximity  aa  the  property  of  gaaea  i»  exproaied  by  the 
eqaation  pv  =  Ri. 
I  As  regards  the  relation  between  the  »ipecific  heats  of  liquids  (of  eohde)  and  of  their 
vapours,  the  f*pt«cific  heat  of  the  vapour  (and  also  of  the  soUd)  is  alwayH  teK«i  than 
that  of  the  liquid.  For  example,  benzene  vajwur  0-2*2,  liquid  0"i*H  ;  chloroform  vaywrmr  018^ 
liquid  IV23;  fttcam!  0"475,  liquid  water  I'O.  But  the  whole  complexity  of  tlie  relatione 
existing  in  i^pceiflc  heat  iu  &een  from  the  fact  that  the  specific  heat  of  ice  =  0'fi02  is  le«a 
than  that  of  liquid  water.  According  to  RcjfUrtult,  in  the  eaae  of  broiuiue  tlwj  xpecitic 
beat  of  the  vapour ^0*055  lat  15CP),  of  the  liquid— 0'1U7  (at  8U'^),  and  of  solid  hromi&e 
=  01184  (at  —  li>- J.  The  «jiecitic  heat  of  iiolid  henKoio  acid  (according  to  experiment  and 
calcultttiou,  He*s  18HM)  Wtween  0*  luid  \iW  iti  UStl,  aiid  of  liquid  benjtoic  acid  UftO,  Out* 
of  the  problems  of  the  present  day  i%  the  explajiatiuu  of  thoi«i«  complex  retatromi  which 
exist  bvtween  the  compotiition  and  such  properties  aftepeci lie  heat*  latent  heat^fxpandoii 
by  heal,  compression,  internal  friction^  coheHioii,  and  other  hke  prtqwijrtiea.  They  can 
mily  be  connected  by  a  complete  theoiy  of  liquids,  which  may  now  t*oon  be  expected^ 
more  ecpecially  as  many  Rtdeft  of  the  Hubjett  have  already  been  partially  explained. 

^  According  t*>  tht*  aljove  reaaouti  the  quantity  of  heat,  Q,  required  to  raise  the  tem- 
perature of  one  part  by  weight  of  a  BubHtance  by  one  degree  may  be  expressed  by  the 
sum  Q=K  ^B  +  D,  where  K  it*  the  heat  actuwlly  etijended  in  heating  the  substance,  or 
thatwbith  is  termed  the  ahuotute  ftiwscific  heiit»  B  the  amount  of  heat  expended  in  the 
internal  work  acccnnpliwhed  with  the  rise  of  temperature,  and  D  the  amount  of  heat  ex- 
IKMided  in  cxt+'mal  work.  In  the  case  of  gases  the  last  quantity  may  be  eaKily  iieter- 
mined^  knowing  tlieir  coeflieient  of  expannton,  which  is  approximately  =  0  008fi>i.  By 
applying  to  thin  case  the  ^ame  argtjment  given  at  the  end  of  Note  11»  Cbai^  I.,  we  find 
that  one  cubic  metre  of  a  gas  heated  by  1°  producer  an  external  work  of  108!JH  k  0H)<>3H>*, 
or  aniri  kilogram mt^ren,  on  which  aH'03  424  or  ODHy?  heat  unita  are  expended.  This  ia 
the  heat  expended  for  the  external  work  produced  by  one  cubic  metre  of  a  gas,  but  the 
apeoifie  beat  refer*  to  unit*-  of  weight,  and  therefore  it  in  neceaisary  in  order  to  know  D 
to*Tedaoe  the  above  qnantity  to  a  unit  of  weight.  One  cubic  metre  of  hydrogen  at  0^ 
and  7110  mm»  pre^nsure  weighs  (hOM96  kilo,  a  gaa  of  molecular  weight  M  has  a  density 
M/3,  conaequently  a  cubic  metre  weighs  (at  0''  and  760  mm.)  0  044HM  kilo,  and  tiiercfore 
1  kilogram  of  the  gas  i^ieeMpiea  a  volume  1, 00448M  cubic  metres,  and  henee  the  external 
work  D  in  the  heating  of  1  kilo,  of  the  given  gas  by  1°  =00*ti»<j  0'i»448M,  or  D  =  2/M. 

Taking  the  magnitnde  of  the  internal  work  B  for  gaaes  ai  minute  if  [Permanent  gai^a 
are  tiiken^  luid  therefore  HUpposing  B=0,  we  find  the  (specific  heat  of  gases  at  a  eonstai^t 
prcHAure  Q-K  +  'i  Mt  where  K  ia  the  specific  heat  at  a  constant  vohmie,  or  the  tnie 
specific  heat^  and  M  the  molecular  weight.  Hence  K  =  Q"3M.  Thw  magnitude  of  the 
apecific  heat  Q  ia  given  by  direct  experiment.  According  to  Regnault^ti  exj^erimenlpi,  for 
oxygen  i^  =  0  2176,  for  hydrogen  .H'40rj,  for  nitrogen  0  24H8;  the  molecular  weights  of  them; 
gasea  are  8U,  %  and  28,  and  therefore  for  hydrogen  K  ^0-34.S«  -  00714  =  Ol7a4.  These  trno 

p  p  a 


580  PIUNCIPLES  OF  CHEMIf>TRY  ^H 

iDternal  work  aceoinpMshed  iii  the  molecules  inciting  tbem  to  decooH 
position  according  to  the  rise  of  temperature  ^ — therefor©  it  is  IzDpoH 

apeoific  h«&ts  of  elements  lire  in  inverse  proportion  to  their  atomic  vreig:htA — UiaI  i^ikm 
product  by  the  Atomic  weight  is  a  cnnetant  quantity.  In  reiiiity^  for  oxrgen  this  pfodoil 
=  OUn  X  U\^2-4H,  for  hydrogen  2-10,  for  nitrogen  0-77*14  x  11 -3'411,  tkiid  therefon  If  i 
stand  f«rthe  atotiiie  \veig:ht  we  obtuin  th«  es:prei*Kinn  K  x  A=  a  constant,  which  nujk 
counted  ati  *i  45;  and  tbJH  in  the  true  expression  of  Dokmg  and  Petit *r  law,  beci^aMK  k 
the  true  Bpecitic  heat  and  A  tlie  w*?ight  of  tlie  fitom.  It  should  he  reinurked,  inORont. 
thtit  the  product  c»f  the  observed  specific  heat  Q  into  A  is  also  j^  constunt  qmuitity  (Hi 
ox}^g«u  ^  &*4H,  for  hydrogen  =  3'40),  becaoBe  the  external  work  D  in  also  ijiv«!irse2Y  pn>l>^| 
tional  to  the  mn^nitude  of  the  atomic  weight  ■ 

In  Iha  case  of  gaseB  wb  distingniah  the  sj^ecific  heat  at  a  constiLnt  presaure  r'  (^| 
deaigniitcd  this*  quantity  above  bj*^  Q),  and  at  a  constant  voluiue  c*     It  i*  evident  UM 
thtt  rciuiian  brtween  both  specif  c  Iwais^  ^,  judging  from  the  above »  in  tlie  tftlioUfl 
to  K,  or  minul  to  the  ratio  of  2  45m  +  2  to  2-45m.     When  n=l  this  ratio  jfe  =  l*8*  wBM 
ri  =  2  A- 1*4^  when  ij*=3  A-  l^U,  and  with  tm  exceedingly  large  number,  **.  of  atoms  in  wP 
molecule,  k  =  X,   Tha,t  (b,  the  ratio  between  the  specific  heat^  decreases  from  1*8  to  \Mm 
the  nnral>er  of  atoniR^  m»  contained  in  the  molecule  increases.     Thia  dedaction  is  venAi^ 
to  It.  certain  extent  by  direct  experiment.     For  soch  ga^n  as  hydrogen^  oxTg«»n,  luJJijjm. 
carb^jiiic  oxide,  air,  and  others  in  which   i(  =  2^  the  magnitude  of  k  i«  deterciiiif^ ||U 
methodn  deBcrihed  in  phjf^ics  (for  example,  by  the  change  of  tenipemture  witli  mi  olt^fl 
tion  of  preBBurOj  by  the  velocity  of  Hound,  JL'c,)*  and  is  found  in  realitr  to  be  nearJr  1^ 
»nd  for  BUeh  gases  iia  carbonic  anhydride,  nitric  jieroxide,  ajid  fithern  it  l&  ii««r]t  It 
Kuudt  and  Wtuburg  (1875)*  hy  means  of  the  iipproximate  method  tuentioxied  ^n  p.  ffi, 
determined  k  lot  mercury  vupour  when  n  =  1,  and  found  it  to  be  s=l*07 — that !«,  ft  lifCtf 
quantity  than  for  air,  as  would  be  expected  from  the  above. 

It  may  be  admitted  tlmt  the  true  utoniic  heat  of  gases  -=2*41},  only  under  Ui«  cvmdiliB 
that  they  are  distant  from  a  liquid  iitate,  and  do  not  undergo  a  cheniioal  chaiu*  v^ 
heated — that  is,  when  no  inttmrnl  work  iw  produced  in  them  (B^O).  Thflntov  Ibii 
work  may  to  a  certain  extent  be  judged  by  the  observed  gpeciSc  heat.  Thus  fDriailaMa 
for  chlorine  (Q  =  012,  Regnault;  Ar=l"33,  according  to  Stniker  and  Martin  lujd  Ihcrvfci* 
K  =  0()i*,  MK  =  6-4),  the  atomic  hcftt  (S'2)  is  much  greater  than  for  otlier  i^afi^  oontaini^ 
two  atoms  in  a  molecule,  and  one  must  connider,  therefore,  that  when  heated  fiome  ««•* 
internal  work  is  acoompliwhed  of  whoae  nature  it  is  at  pret^nt  impo^eible  to  Ibna  u 
opinion.  And  as  in  the  cast''  of  «uch  gases  as  ethylene,  C^H^  I Q  =  0*30)  accotdin^  to 
TiViedeniann  k-V%  K=^0  US,  MK'^t*^  \  hence  the  true  atomic  heat  ia  less  than  lor  ©Cr- 
etan t  gases  —  1^B.  Therefore  the  question  as  to  the  relation  between  the  apeeific  heaU  d 
gases  and  the  number  of  alomw  and  eomjMJsition  cannot  be  counted  as  sufBcuttdiT 
genernl  if  we  do  not  consider  Le  Chateher's  deduction  (Note  ft)  as  proved  br  the  asa^ 
ciati^n  of  data.  If  the  latter  be  verified,  then  it  will  have  to  be  admitted  that  PnlcM 
Iktid  Petit's  law  ih  not  applicable  to  any  gaaea  besideB  those  tvhicli  iire  permaxtent  aoJ 
possess  a  comparatively  low  molecular  weight.  The  (juestioD  might  be  solved  by  di^le 
mining  the  specific  heat  of  mercmry  vapouf  at  different  bemperatui'efi,  h%x%  iu»  vet  il>jfc 
are  no  exact  methods  of  doing  thia. 

All  the  more  remarkable  is  the  adaptability  of  Dulong  and  Petit'a  law  to  the  u^m  ^ 
tlae  eoramon  elements  in  a  solid  »tate.  In  order  to  generalise  the  facte  cotioeming  1^ 
^  tpecific  heat  of  gases  and  solids,  it  appears  to  meposHihle  to  accept  the  foUowini?  ffwoc^ 
propoHition :  the  atomic  heat  (that  is,  AQ  or  QM /«,  where  M  is  tlie  tiioleciilar  weudbt 
and  n  the  numbcir  of  moleouWH)  is  ha  (greatest  for  solids^  Q'H\  for  gndei>^  a*4)  the  mait 
eomplnr  the  molecuh  [that  w,  the  greater  the  number  (n)  of  the  ufom^  forming  Hi 
and  to  a  certain  extent  (with  similar  physical  states  of  suhslanceB)  (he  Isss  the  mt^r 
<M/w)  vieight  of  the  atom, 

»  For  an  exMn|ile,  it  is  enough  to  point  out  the  sped£c  heat  of  nitr^Mreti  „ 
NgOj,  Vfliich,  wlien  heated,  gradually  passes  into  NO^—that  is^  chemical  Work  oft 
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ible  U»  expect  in  the  magnitude  i«f  the  specitic  heat  tLe  great 
iniplicity  of  relation  to  com  posit  ion  which  we  see,  for  instance,  in  the 
density  of  gaseous  sulistinces.  Therefore,  althougli  the  specific  heat 
give*  on©  of  the  im];»ortant  means  of  judging'  the  attimicity  of  the 
elements,  still  the  mainstay  for  a  true  judgment  of  atomicity  is  only 
•given  by  Avogadro-Gerhardt*s  law.  All  other  means  can  only  be 
acee*>s(Hy  or  preliminary,  until  it  be  possible  to  have  dii^cl  I'ecoursse  to 
the  determination  of  the  vapour  density. 

Among  the  bivalent  metals  the  tirst  place,  with  i*espect  tc»  their 
distribution  in  nature,  is  occupied  by  ma^/Uf^ifium  and  cft/rtiim,  just  as 
sodium  and  potassium  stand  first  amontrst  the  univalent  metals.  The 
relation  which  exiatn  between  the  atomic  weights  of  these  four  metals 
confirms  the  above  comparison*  In  fact,  the  combining  weight  of 
magnesium  is  equal  to  24,  and  of  calcium  40;  whilst  the  combining 
weights  of  scKlium  and  potassium  are  23  and  39 — that  iii,  the  latter 
are  one  unit  less  than  the  former*^  They  all  behmg  to  the  numlier 
of  iiffht  ifif'tohj  fis  they  have  but  a  small  speeiiic  gra^-ity,  in  which 
they  difler  from  the  ordinary,  generally  known  heavy,  or  ore,  metals 
(for  instance,  iron,  copper,  silver,  and  lead),  which  are  distinguished  by 
a  much  greater  specilic  gnivity.  There  is  no  doubt  tliat  their  low 
speciiic  gravity  hfis  a  significance,  not  oidy  as  a  simple  point  of  dis- 
tinction,  but  also  as  a  property  which  detemiine^  the  fundamental 
pr'operties  of  these  metJils.  Indeed^  all  the  light  metsils  have  a  series 
of  points  of  resemblance  which  approximau-s  them  to  the  metals  of 
the  alkalis  ;    thus  Ijoth  magnesium  and  calcium,  like  the  metals  of  the 

position  prwt»<»flj«,  which  conHatDei*  heat*  BpeAking  gv^nerally,  «p<:cifto  btjiit  »»  u.  complex 
i|UiuUity,  in  which  it  is  elear  that  thermal  dtttn  (for  inHtanee,  th«  hnat  of  rcActioni  alon* 
cannot  )fire  un  idfa  either  of  chemical  or  of  physical  cliAnj^es  indjv  JduAU>%  hut  alwiLjii 
rie|iviid  on  a.it  association  of  the  one  t&nd  the  other.  If  a  »ub<itAnei»  bi»  hi'^iited  from  i^y 
to  t,  it  cAnnot  but  »ufler  (v  chemical  change  (that  jr,  tht*  «tat«  of  tlie  atonifl  in  thrt  tnolu* 
culos  chaii^^ti  more  or  lt*BB  iu  one  way  or  another^  if  diKtmciation  setfi  in  at  a  t«ruper- 
aturc  (fj.  Even  i*i  the  caae  of  the  elfun^nts  whosw  molodwles  contain  only  one  atom, 
H  true  chemical  chiuige  is  poAsihle  witli  a  nm  of  temperaturet  because  more  heftt  ia 
evolved  in  chemical  reoctionfl  than  that  quanlitj  which  participate*  iti  piiruly  phvifical 
chun^i^s.  One  {{^m  of  hydrct^en  I  specific  heat«*3'4  at  a  constant  pre)»Mart«i  f^ooled  t4.tthQ 
temperature  of  abaoltite  zem  will  evolve  oltctgother  about  one  ihou#^nd  untt<i>  of  heiit,  H 
^ramfi  of  oxygen  half  this  amnunt,  whi!§t  in  combiuini;  together  they  evolve  in  th« 
formation  of  0  grams  of  water  more  tlmn  thirty  timeM  as  much  hent.  Hence  tli«  utore 
of  chemical  energy  (that  ifl,  of  the  movement  of  the  atoma^  vortex,  or  other)  ia  nmcli 
greater  than  the  physical  store  projxfr  to  the  molecule^t,  hot  it  ii*  the  change  accoai[>liHhed 
by  thiM  store  that  ia  the  caaae  of  chemical  trannformatians.  Here  we  evidently  timch  on 
tho«e  limiie  of  existing  knowledge  beyond  which  the  di^ipline  of  science  doea  not  yet 
allow  un  to  pa»a.  A  nnmher  of  new  scientific  conquesta  are  ueceaury  before  this  can 
become  poaaible. 

^  Ab  if  NaH'Mg  and  KH^Ca^  which  ia  in  aooordance  with  tli«ir  vtdeney,  KH 
inelyding  two  monovalenl  elements  is  a  biralent  group  lilro  Ca. 
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alkalis,  decompose  water  (without  the  addition  of  acids),  although  not 
80  easily  as  the  latter  metals.  The  process  of  the  decomposition  is 
essentially  one  and  the  same ;  for  example,  Ca  -f  2H20=CaH202 +Hj— 
that  is,  hydrogen  is  liberated  and  a  hydroxide  of  the  metal  formed 
These  hydroxides  are  bases  which  saturate  nearly  all  acids.  How- 
ever,  the  hydroxides  RH2O2  of  calcium  and  magnesium  are  in  no 
respects  so  energetic  as  the  hydroxides  of  the  true  metals  of  the 
alkalis  ;  thus  when  heated  they  lose  water,  are  not  so  soluble,  devdop 
less  heat  with  acids,  and  form  various  salts,  which  are  less  stable 
and  more  easily  decomposed  by  heat  than  the  corresponding  salt* 
of  sodium  and  potassium.  Thus  calcium  and  magnesium  carbonate^ 
easily  part  with  carbonic  anhydride  when  ignited  ;  the  nitrates  are 
also  very  easily  decomposed  by  heat,  calcium  and  magnesium  oxides, 
CaO  and  MgO,  being  left  behind.  The  chlorides  of  magnesium 
and  calcium,  when  heated  with  water,  evolve  hydrogen  chloride, 
forming  the  corresponding  hydroxides,  and  when  ignited  the  oxide 
itself.  All  these  points  already  evince  a  weakening  of  the  alkaline 
properties. 

These  metals  have  been  termed  the  metals  of  th^  alkaline  eartJa^ 
because  they,  like  the  alkali  metals,  form  energetic  bases.  They  are 
called  alkaline  earths  because  they  are  met  with  in  nature  in  a  state  of 
combination,  t\)rming  the  insoluble  mass  of  the  earth,  and  l>ecause  as 
oxides,  RO,  they  themselves  have  an  earthy  appearance.  Not  a  few 
salts  aie  known  of  tliese  metals  which  are  insoluble  in  "water,  whilst 
the  correspoiuling  salts  of  the  alkali  metals  are  genei-ivlly  soluble — for 
example,  the  carbonates,  phosphates,  borates,  and  other  salts  of  the 
alkaline  earth  metals  are  nearly  insoluble.  This  serves  to  distin^'uisJi 
the  metals  of  the  alkaline  earths  from  the  metals  of  the  alkalis.  For 
this  purpose  a  solution  of  ammonium  carbonate  is  ailded  to  a  mixeii 
solution  of  salts  of  both  metals,  when  by  a  double  decomposition  thf 
insoluble  carbonates  of  the  metals  of  the  alkaline  earths  are  fonne<l 
and  pass  into  a  precipitate,  whilst  the  metals  of  the  alkalis  i-emain  iii 
solution  :  RX,  4  Na,C0.,  =  RC03  +  -JNaX. 

We  may  here  remark  that  the  oxides  of  the  metals  of  the  alkaUnt 
earths  are  frequently  called  by  special  names  :  MgO  is  called  magnesia 
or  bitter  earth  ;  CaO,  lime  ;  SrO,  strontia  ;  and  BaO,  baryta. 

In  the  primary  rocks  the  oxides  of  calcium  and  magnesium  art* 
combined  with  silica,  sometimes  in  variable  quantities,  so  that  in  some 
cases  tlie  lime  predominates  and  in  other  cases  the  magnesium.  Both 
oxides,  being  analogous  to  each  other,  replace  each  other  in  e<iuivalent 
cjuantities.  The  various  forms  of  augite,  honibleiule  or  (iinj)hibole  and 
of  similar  minerals,  which  enter  into  the  composition  of  nearly  all  rocks, 
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•contain  lime  and  magnesia  and  silica.  The  majority  of  tlie  primary 
rocks  also  contain  alumina,  potash,  and  soda.  Thet^e  rocks,  under 
the  action  of  water  (containing  carbonic  acid)  and  ?\ir,  give  up  lime 
-and  magnesia  to  the  water,  and  therefore  they  are  contained  in  al] 
kin*lfi  of  water,  and  espeeinlly  sea  water,  Tfie  curbonate»^  CaCO^  and 
MgCOa,  frequently  met  with  in  natui-e,  «rp  soluhh'  in  an  iixcess  fj/ 
tDfUer  saturated  with  carbonu^  anhifdride^^^  and  theref<:»re  nmny  natural 
-waters  contain  tliese  salts,  and  are  idjle  to  yield  them  when  evaporated. 
However,  one  kilogram  of  water  saturateil  with  carbonic  anhychride 
-does  not  dissolve  moi-e  than  three  grama  of  calcium  carbonate.  By 
gradually  expelling  the  carbonic  anhydride  from  such  water,  an  in- 
soluble precipitate  of  calcium  carbonate  separates  out.  It  may  confi- 
dently be  stated  that  the  formation  of  the  very  widely  distributed 
strata  of  calcium  and  magnesium  carbonates  was  of  this  nature,  because 
these  strata  are  of  a  sedimentary  character  -that  is,  that  which  would 
be  exhibited  by  a  gradually  accumulating  deposit  on  the  bottom  of 
the  sea.  Furthermore,  the  remains  of  sea  organisms,  plants,  ferns, 
A'c,  are  frequently  found  amongst  these  deposits.  These  deposits  of 
calcium  and  magnesium  carbonates  are  the  most  important  sources  of 
these  metals.  Lime  generally  predominates,  because  it  is  present  in 
rocks  and  stream  water  in  greater  quantity  than  magnesia,  and  in  this 
case  these  sedimentary  rocks  are  termed  iiffirstonr\  Some  Cijmmon  flag- 
stones used  for  paving,  itc,  and  chalk  may  be  taken  as  examples  of  this 
kind  of  formation.  Those  limestones  in  which  a  considerable  portion 
of  the  calcium  is  replaced  by  magnesiimi  are  termed  dolomites*  The 
dolomites  are  distinguished  by  their  hai-dness.  and  by  their  not  parting 
with  the  whole  of  their  carbonic  anhydride  so  easily  as  the  limestones 
under  the  action  of  acids.  Dolomites'^  sometimes  c<>ntain  an  etjual 
number  of  molecules  of  calcium  carbonate  and  magnesium  carbonate, 
and  they  also  sometimeJi  appear  in  a  erystailine  form,  which  is  easily 
understood,  because  calcium  carbonate  itself  is  exceedingly  common  in 
this  form  in  nature,  and  is  then  known  as  cole  »fat\  whilst  natural 


^^  Sodiiim  t:iirbQiUil6  and  other  oirbonates  of  tbe  alkalis  give  Acid  salta  whicb  )ir«f  lee^ 
ftoluble^ihiiii  the  normiiJ;  here,  on  tlie  contrary,  with  lui  exce»ft  of  curbanic  luihydride,  a 
B&lt  ii  formed  which  is  more  soluble  than  the  uoTmaA^  but  this  acid  i^lt  la  more  imstablQ 
than  Jiodi  11111  hydroj^en  carbonate,  NaHCOj. 

11  Tbu  fommtion  of  dolomite  raAj  be  explained,  if  <mXy  we  iinji^e  that  a  solatlcm  of 
a  m&gnefiiinm  aiilt  a<^ts  on  c^Ucinm  carbon ute.  MAgUQHiam  carbonate  may  be  formed  liy 
double  decern positioUf  and  it  must  be  sapponed  thai  this  process  is  able  lo  oeaae  al  » 
certain  limit  (Chapter  XII.),  when  wa  sliall  obtain  a  mixture  of  the  carbonated  of  calettuit 
and  mu^eniom.  Haitlnger  heated  a  mixture  of  calcium  carbonate,  CaCO-„  witli  a  tiolti* 
lion  of  ftu  equivalent  quantity  of  mAgneslom  tiulphate,  M^O^,  in  a  c1o«m1  tuba  at  200^, 
and  ihtasL  a  portion  of  the  mogneaia  aetaally  pajised  into  the  state  of  magneaitim  car- 
iKmaie,  MgCOj,  and  a  portion  of  tbe  lime  was  converted  into  gypstun,  CaBO^. 
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crystalline  magneaium  carbonate  is  termed  magfwsii**.  The  lorfiiftlioi 
of  the  crystalline  varieties  of  the  insoluble  carbonates  is  explained  U 
the  f>ossibiJity  of  a  slow  deposition  fmrn  solutions  containiriL: 
acid.  Besides  which  the  calcium  and  magnesiunj  sulplmtes  art 
from  sea  water,  and  therefore  they  are  met  with  both  as  deposits  &mt 
in  springs.  It  must  be  observed  that  magnesium  is  held  in  coiLsider&tIr 
f{uan titles  in  sea  water,  l>ecause  the  sulphate  and  chloride  of  ma^ 
siiim  are  very  Bt>luble  in  water,  whilst  calciiun  sulphate  is  but  littk 
soluble  ;  and  therefore  if  the  occurrence  of  considerable  liepodti  d 
magnesium  sulphate  cannot  be  expected  in  nature,  stilL,  on  theoUi^ 
haiid.  one  would  expect  (rind  they  dt*  actually  occur)  large  masses  fi 
calcium  sulphate  or  gypsum^  Ca804j2H^C^  Gypsuni  sometimes  form* 
strata  of  immense  size,  which  extend  over  many  tens  o£  kilometres— 
for  example^  in  Russia  on  the  Volga,  and  in  the  Donetz  and  Baltk 
provinces. 

Lime  and  magnesia  also,  but  in  much  smaller  quantities  (cift«u(» 
the  amount  of  several  fractions  of  a  per  cent,  and  rarely  more),  enir 
into  thu  compomtian  of  every  fertile  ttoiK  and  without  these  ha&es  ji- 
soil  is  unable  to  support  vegetation.  Lime  is  particularly  importing 
in  this  respect,  and  its  presence  in  a  larger  quantity  generally  impro^iv 
the  har\"est,  although  pjui^ely  calcareous  soils  are  generiiUv  iufertik 
For  this  reason  the  soil  is  fertilised  both  with  lime  ^^  itself  nnd  with 
marl — that  is,  with  clay  mixed  with  a  certain  quantity  of  calcium  ciiHx* 
nate^  strata  of  which  are  found  nearly  everywhei'e. 

From  the  soil  the  lime  and  magnesia  (in  a  smaller  quantity)  ;  . 
into  the  substance  of  plants^  where  they  occur  as  salts.      Certjiii    ' 
these  salts  separate  in  the  interior  of  plants  in  a  crystalline  form 
examptle,  calcium  oxalate.     The  lime  occuri'ing  in  plants  serves  as  ih< 
source  for  the  formation  of  the  various  calcareous  secretions  which  w^ 
so  common  in  aniincils  of  all  classes.     The  bones  of  the  highest  aninvJ 
orders,  the  sheUs  of  mollusca,  the  covering  of  the  sea-urchin,  and  siioikr 
solid    secretions  of   sea   animals,  contain   calcium   salts  ;    namely,  ih* 
shells  mainly  calcium  carl>onate,  and  bones  mainly  calcium  phosphate. 
Certain    limestones    are    almost    entirely    formed    of    such     dein 
Odessa  is  situated  on  a  limestone  of  this  kind,  composetl   of  ^.li 
Thus  magnesium  and  calcium  occur  throughout  the  entire    realm  «*f 
nature. 

^'  The  indubitable  action  of  Hme  iti  iiicnensliig  tlie  fertility  of  soils— ^if  not  lu  eier? 
fiusfii  Kit  all  eventi+,  witb  ordiiiQ.ry  moiIs  which  have  long  been  under  corn — -£■  ba^w^d  w4  *• 
much  on  the  requirements  of  pkntH  for  the  lime  itself  asj  on  those  chemicid  kjid  pliniciit 
ch&nges  which  bine  produce h  in  the  soil;  parti co lurly  fts  a  powetfiil  baaa  whlcii  t*^ 
Uici  «Jter&liou  of  the  mineral  and  organ le  elements  of  the  soil. 
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As  lime  uiid  magnesia  forra  bases  which  are  in  many  respects 
,  analogous,  they  were  not  tlistinguisheii  from  earh  other  for  a  long 
time.  Magnesia  wjis  obtained  for  the  tirst  time  in  the  seven tt*enth 
I  century  from  Italy,  and  used  as  a  medicine  ;  and  it  was  only  in  tht* 
[last  century  that  Black,  Bergmaim,  and  others  distinguished  magnesia 
[from  lime. 

MHtdlic  mm^neitium  (and  calcium  also)  is  not  obtained  by  heating 
magnesium  ostide  or  the  carbonate  with  chaiToal^  as  the  alkali  metals 
are  obtained J^  but  is  libemt^d  by  the  action  of  a  galvanic  current 
on  fused  magnesium  chloride  (best  mixed  with  potassium  chloride)  ; 
but  Davy  and  Bussy  iirst  obtained  metallic  magnesium  by  acting  on 
magnesium  chloride  with  the  vapours  of  potassium.  At  the  present 
time  (Deville's  prcKjess)  miignesium  is  preparetl  in  rather  consider- 
able quantities  by  a  similar  process,  only  the  potassium  is  replaced  by 
sodium.  Anhydrous  magnesium  chloride,  together  with  sodium  chloride 
and  calcium  fluoride,  is  fused  in  a  closed  crucible.  The  latter  sub- 
stances  only  sei-ve  to  facilitate  the  formation  of  a  fusible  mass  befon- 
and  after  the  reaction,  which  is  indispensable  in  onler  to  prevent 
the  access  and  action  of  air.  One  part  of  dnely-divided  sodium  to 
five  parts  of  magnesium  chloride  is  thrown  into  the  strongly-heated 
molten  mass,  and  after  stirring  the  reaction  proceeds  very  (juickly,  and 
magnesium  separates,  MgCla4'Naa=Mg-*-*^KaCl.  In  working  on  a 
large  scale,  the  powdery  metallic  magnesium  is  then  subjected  to  distil- 
lation at  a  white  heat.  The  distillation  of  the  magne^sium  is  necessary, 
because  the  undistilled  metal  is  not  homogeneous  '^  and  bums  unevenly  : 
the  metal  is  prepai^d  for  the  purpose  of   illumination.     Magnesium 


^'^  Sutlium  itiid  ^Hjtas&iuiti  only  deut«u|MJMu  utA^uebiujii  oxide  ml  a  whiU*  Uen.i  ami  v«ry 
feebly,  |jrobwbly  ft>r  two  reu^onH.  In  llit?  fintt  plA*.*e,  becntiHC  tli«  reiu^tinn  Mg-rO  dt"ve- 
lopfi  more  lii'at  4  iilxmi  140  thouKHnd  ci*lorii:^«)  tlmn  K^  +  O  or  NiVj  +  O  {lilkout  Hirt  LhoDRiind 
cniorivA) ;  unil,  in  tliu  stjcoiid  jtlace^  becnost]  lunirnt^siiiL  i»  not  futiibte  at  tlie  hi^at  of  u 
(uniace  <uid  Ciijuiot  iM:t  on  the  chitrcoiLl,  sodinm,  ur  piiiuiiiiiiim— tlntt  in,  it  dofs  not  tta^iA 
into  thftt  inobiJe  atate  which  ift  necewKiuy  for  rtiw^tion.  Thu  first  reiuum  «Uin«  is  not 
^afficient  to  explain  the  ubiNincf  di  tht*  r«iwtioii  between  chi«rix»(ii  and  magneniii,  bt?Liiu><(} 
iron  und  chikrcoiil  in  combining  with  oxygen  ^volvf*  leHR  ht^at  than  Hodium  or  potassium  * 
yett  u«V4»rth«leftS|  they  caji  di^plitce  ihem.  With  res^iect  to  nnigue^iuta  chloride,  it  actii 
on  ftodiuju  and  potaftsiuiu,  nototily  because  their  combination  with  chlorine  evolves  more 
heat  than  the  eombination  of  chlorine  and  nttt^emum  (Mg+Clj  givea  150  and  Nao  +  CI3 
about  l\K,  thouBand  calorieii]«  but  alt>o  be«:aUHe  a  fusion,  both  of  the  tnagnt'i«ium  chloride 
and  of  the  double  salt,  takf>K  place  under  the  action  of  heat.  It  ia  probable,  howeTer^ 
that  tk  rt*?erHe  reaction  will  take  pltu."**. 

**  Cominertnal  magncfiium  i2:enefally  contains  a  certain  amount  of  magnefiiitm  nitridtt 
(Deville  tind  Caronli,  Mg^Nj — that  i«,  a  prodoct  of  fiubetitntioti  of  ammonia  which  is 
directly  formed  when  magnesium  is  heated  in  nitrogen.  It  in  yellowish  green  powder, 
which  givM  ammonia  and  magnesia  with  water,  and  cyanogeu  when  heated  with  carhonir 
anhydride.  TeHectly  pare  magnesium  maj  be  obtained  by  the  action  of  a  galirantc 
•ttrrent. 
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is  a  white  metal,  like  silver ;  it  is  not  soft  like  the  alkali  metals,  kt 
is,  on  the  contrary,  hard  like  the  majority  of  the  ordinary  metak 
This  is  natural  from  the  fact  that  it  melts  at  a  rather  high  tempera- 
ture— namely,  about  500° — and  boils  at  about  1000**.  It  is  mall^ 
able  and  ductile,  like  the  generality  of  metals,  so  that  it  can  be  drawn 
into  wires  and  rolled  into  ribbon ;  it  is  most  frequently  used  for 
lighting  purposes  in  the  latter  form.  Unlike  the  alkali  metals,  mag- 
nesium does  not  decompose  the  atmospheric  moisture  at  the  oidiiiaiy 
temperature,  so  that  it  is  almost  unacted  on  by  air  ;  it  is  not  eTOi 
acted  on  by  water  at  the  ordinary  temperature,  so  that  it  may  be 
washed  to  free  it  from  sodium  chloride.  Magnesium  only  decomposes 
water  with  the  evolution  of  hydrogen  at  the  boiling  point  of  water," 
and  especially  at  still  higher  temperatures ;  but  even  this  is  accom- 
plished with  difficulty.  This  is  explained  by  the  fact  that  in  decom- 
posing water  magnesium  forms  an  insoluble  hydroxide,  MgHjOj,  which 
covers  the  metal  and  hinders  the  further  action  of  the  -water.  Magne- 
sium easily  displaces  hydrogen  from  acids,  forming  magnesium  salts. 
When  ignited  it  burns,  not  only  in  oxygen  but  in  air  (and  even  in 
-carbonic  anhydride),  forming  a  white  powder  of  magnesium  oxide,  or 
magnesia  ;  in  burning  it  emits  a  white  and  exceedingly  brilliant  ligkL 
The  strength  of  this  light  naturally  depends  on  the  fact  that  mag- 
nesium (24  parts  by  weight)  in  burning  evolves  about  140  thousand 
heat  units,  and  that  the  product  of  combustion,  MgO,  is  infusible  by 
heat ;  and  therefore  the  vapour  of  the  burning  magnesium  will  contain 
an  ignited  powder  of  non-volatile  and  infusible  magnesia,  and  will 
consequently  present  all  the  conditions  for  the  production  of  a  brillian: 
light.  The  light  emitted  by  burning  magnesium  contains  manv  rays 
which  act  chemically,  and  are  situated  in  the  violet  and  ultra-violet 
parts  of  the  spectrum.  For  this  reason  burning  magnesium  may  \^ 
employed  for  taking  photographic  images.  ^^ 

Owing  to  its  great  affinity  for  oxygen,  magnesium  reduces  many 
metals  (zinc,  iron,  bismuth,  antimony,  cadmium,  tin,  lead,  copper,  silver, 
and  others)  from  solutions  of  their  salts  at  the  ordinary  temperature,'' 

^•>  Hydrogen  peroxide  (Welsiiigj  diHsolves  magnesium.  The  reaction  has  not  ber- 
investiguted. 

^^  A  Hpecial  form  of  apparatus  is  used  for  burning  magnesium.  It  is  a  clockwork 
arrangenu.*nt  in  wliich  a  cylinder  rotates,  round  wliich  a  ribbon  or  wire  of  niainiesium  -* 
wound.  Tlie  wire  is  subjected  to  a  uniform  unwinding  and  burning  as  the  cvlindn: 
rotates,  and  in  tliis  manner  the  combustion  may  continue  uniform  for  a  certain  tim^- 
The  same  is  attained  in  special  lamps,  by  causing  a  mixture  of  sand  and  finely-div;de«3 
magnesium  to  fall  from  a  funnel-shaped  reservoir  on  to  the  flame.  lu  photography  it  i* 
best  to  l>low  finely-divided  magnesium  into  a  colourless  (spirit  or  gas)  tlanie. 

*'  According  to  the  observations  of  Maack,  Comaille,  Bottger,  and  others.  Tlie  re- 
duction by  heat  mentioned  further  on  was  pointed  out  by  Geuther,  Phipson,  Parkinson 
and  Gattermann. 
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and  at  a  red  heat  finely-divided  magnesium  takes  up  the  oxygen  from 
silica,  alumina,  boric  anhydride,  &c,  ;  so  that  silicon  and  similar 
elements  may  be  obtained  by  directly  heating  a  mixture  of  powdered 
silica  and  magnesium  in  an  infusible  glass  tube.*®  Magnesium  acts  on 
fused  potassium  and  sodium  hydroxides,  with  an  energetic  evolution  of 
hydrogen. 

The  affinity  of  magnesium  for  the  halogens  is  much  more  feeble 
than  for  oxygen,*^  as  is  already  evident  from  the  fact  that  a  solution 
x>f  iodine  reacts  feebly  on  magnesium  ;  still  magnesium  bums  in  the 
vapours  of  iodine,  bromine,  and  chlorine.     The  character  of  magnesium 
is  also  determined  by  the  fact  that  all  its  salts,  especially  in  the 
presence  of  water,   are   decomposable   at  a  comparatively   moderate 
temperature,  the  elements  of  the  acid  being  evolved,  and  the  magne- 
sium oxide,  which  is  non-volatile  and  unchangeable  by  heat,  remaining 
behind.     This  naturally  refers  to  those  acids  which  are  themselves 
volatilised  by  heat.     Even  magnesium  sulphate  is  completely  decom- 
posed at  the  temperature  at  which  iron  melts,  oxide  of  magnesium 
remaining  beliind.      This  decomposition  of  magnesium  salts  by  heat 
proceeds  much  more  easily  than  with  calcium  salts.      For  example, 
magnesium  carbonate  is  totally  decomposed  at  170°,  magnesium  oxide 
being  left  behind.     This  magnesia,  or  magneaium  oxide,  is  met  with 
both  in  an  anhydrous  and  hydrated  state  in  nature  (the  anhydrous 
magnesia  as  the  mineral  peiriclase,  MgO,  and  the  hydrated  magnesia 
as  brucite,  MgH.^Oa).     Magnesia  is  a  well-known  medicine  (calcined 
magnesia — magnesia  tista).     It  is  a  white,  extremely  fine,  and  very 
voluminous  powder,  of  specific  gravity  3-4  ;  it  is  infusible  by  heat,  and 
only  shrinks  or  sinters  in  an  oxyhydrogen  fiame.    After  long  contact 
the  anhydrous  magnesia  combines  with  water,  although  very  slowly, 
forming   the    hydroxide   Mg(H0)2,    which,    however,   parts  with   its 
water  with  great  ease  when  heated  even  below  a  red  heat,  and  again 
yields  anhydrous  magnesia.      This  hydroxide  is  obtained  directly  as 
a  gelatinous  amorphous  substance  when  a  soluble  alkali  is  mixed  with 
a  solution  of  any  magnesium  salt,  MgCl2  +  2KHO  =  Mg(H0).2 -h  2KCL 
This  decomposition  proceeds  to  the  end,  and  nearly  all  the  magnesium 
passes  into  the  precipitate  ;  and  this  clearly  shows  the  almost  perfect 
insolubility  of  magnesia  in  water.      Water  dissolves  a  scarcely  per- 

'^  This  liction  of  metallic  magnesium  in  all  probability  depends,  although  only  partially 
\8ee  Note  18),  on  its  volatility,  and  on  the  fact  that,  in  combining  with  a  given  quantity  of 
oxygen,  it  evolves  more  heat  than  aluminium,  silicon,  potassium,  and  other  elements. 

^*  Davy,  on  heating  magnesia  in  chlorine,  observed  a  complete  substitution,  because 
the  volume  of  oxygen  was  half  the  volume  of  chlorine  ;  it  is  probable,  however,  that  owing 
io  the  formation  of  chlorine  oxide  (Chapter  XI.  Note  80)  the  decomposition  is  not  com- 
plete and  is  limite<l  by  a  reverse  reaction  if  the  mass  of  the  oxygen  have  no  effect. 
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ceptible  tjuantity  of  magneaium  hydroxide — namely,  one  part  li  ik 
solved  by  55000  pails  of  water.  Such  a  solution,  however*  Km 
an  alkaline  reaction,  and  gives,  with  a  salt  of  phosphoric  aoil  * 
precipitiite  of  magnesium  phosphate,  which  is  still  more  insololjl^- 
Magnesia  is  not  only  dissolved  by  acids^  forming  salts,  but  it  also  i!» 
places  certiun  other  bases — for  example,  ammonia  from  aminomOT 
salts  when  boiled  ;  and  the  hydroxide  also  attrac^ts  ca^rbonio  anJii- 
(hide  from  the  ain  The  magnesium  salts^  like  those  ofcalctum,  pot«i' 
siiim,  and  sodium,  are  colourless  if  they  aitJ  formed  from  coloorlise 
acids.  Those  which  are  soluble  have  a  bitter  taste,  ^whence  uuignisaa 
has  b^Hj  termed  hift^r'tarth.  In  comparison  t*j  the  alkalis  magii^sw 
is  a  feeble  base,  inasmuch  as  it  forms  somewhat  unstable  salts  easilj 
gives  basic  salts,  forms  acid  salts  with  difficulty^  and  ia  able  to  pf^ 
double  salts  with  the  salts  of  the  alkalis,  which  facts  an>  i 
feeble  bases,  as  we  sliall  see  in  becoming  acquainted  with  l\\*^ 
metals. 

Tlie  power  of  magnesium  salts  to  form  double  and  Ijasic  sails  t< 
very  frequently  shown  in  leactious,  and  is  sjjecially  oiarked  as  p?- 
gnrds  ammonium  salts.  If  saturated  solutions  of  ii]agnt*siut]i  t&i 
ammonium  sulphates  are  mixed  together,  then  a  crystal Hne  6*^x\\h 
salt,  Mg(NJ:lj)2(SO|).,,t)H20,'-^  is  immediately  precipitated.  A  ^^ir-iu, 
solution  of  ordinary  aiDmonium  earVionate  dissolves  magnMitOB 
oxide  or  carbonate,  and  precipitates  crystals  of  a  double  Biltt 
Mg(NH^)2(CO.i)v»4H,j<),  from  which  water  extracts  the  ammomom 
carbonate.  Witlr  an  excess  of  an  ammonium  salt  the  double  salt  piaio 
into  solution,-^  and  therefore  if  a  solution  contain  a  magnesium  »!* 
and  an  excess  of  an  ammojiium  salt^for  instance,  sal-ammoauc— 
then  sodium  carlionate  will  no  longer  precipitate  magnesium  carU>nAt«. 
A  mixture  of  solutions  of  magnesium  and  amiuoniuiii  chlandes^  on 
evaporation  or  refrigeration,  gives  a  double  salt,  jVIg(NH^)Clj>GHjCi'* 

^  Even  a  solution  of  iuumoiiimu  cMoride  gives  thia  salt  with  ma^ie^mn  soliiWii^ 
lt«  sp.  tn*'  i^  ^73 ;  100  parts  of  water  at  0^  disaolve  M,  at  2«=  17'9  parts  of  tlie  anliy^mv 
m\M.     At  abotit  ISO-  it  1ohc»m  ull  its.  waUr. 

^^  This  in  tkti  example  of  ei|uiliiiniim  and  of  tlie  ititlueuce  of  mjutR  ;  Hue  doable  ^ii 
decompoaed  by  i%u>tert  but  if  we  take  a  solution  of  tli&t  part  which  is  £onu«d  In  ibi 
dccompoftitioii  tlieu  water  diwHoheti  nil, 

**  If  an  cxceBi*  of  aiiuiioiua  be  utlded  to  a  Holuttofi  of  magneaiuni  ch1oHd««  thmi  flB»f 
half  the   magrieaium  ih  st^parated  in  the  precipitate,    aMgClj  +  ^NHj  *^^^  —  ^r  .  -^u    * 
iI^-.NH4Cl-.-hNH4CL    Asohition  of  *mnioimim  chloride  reacts  with  t 
aiuimmia  and  foriaiiig  a  solution  of  tbe  wune  salt,  MgO+3JNH4Cl=  Ju^   .  ,.^.  .- .  ..J 

^  QNHv 

Ainoiig  tbedoable  saltnof  aminonium  and  magtivBiam,  th*^  pho«pluiU»,  MgXH^POij^iHiOi 
i«  almost  ineohible  in  water  (007  gTAm«  am  dissolved  in  a  litre),  even  in  thi-  ftr9«rtM* d 
ammonia.  Magtit^wia  is  very  froqiiontly  precipitated  fts  tliia  wilt  from  aolutiotis  in  wkkk 
it  id  held  by  ammonium  m\i%,     k%  lime  itt  tioi  retained  m  solution  by  iii«  progpm  <^ 
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The  salts  of  potassium,  like  those  of  ammoniuDi,  are  able  to  enter  into 
am  I J  illation  with  the  magnesium  salts, '^'  For  instance,  the  double 
'salt,  MgKCl^,6H.^O,  which  is  known  as  iVirtm/ZiVe/'*  and  occurs  in  the 
salt  mines  of  8tassfurt,  umy  he  formeti  by  freezing  a  s^iturateil  solution 
of  potassium  chloride  with  an  excess  of  magnedum  chloride.  A  satu- 
rated solution  of  magnesium  sulphate  dissolves  potassium  sulphate,  nnd 
solid  magnesium  sulphate*  is  suluble  in  n  saturated  solution  of  pot^issium 
sulpliate.  A  double  salt,  K^I^Igi^^*  V|)if,6H,^0,  which  closely  resendjles 
the  above-mentioned  ammonium  salt,  crystallises  from  these  sol u lion s/-'''"* 


4i« 


inonitv  siilt*,  but  \^  then  pTecipiUilerl  by  KfxJiutii  carbonjite,  itc,  it  i«  tlieiefope  very 

Ky  to  »eparut«  caU'itiin  fi'om  luupieHiuin  on  the  baaits  of  thetie  profXirtieii. 

^  In  order  to  tww  the  nature  (uid  cauise  of  the  foriuAtion  of  tlottble  ^alts^it  is  flufReieni 

regard  them  from  the  aspect  lulthoiigh  tliiai  does  not  einbnire  tht!  whole  essence  of  the 

iter)  that  one  of  the  uietAU  of  Hueh  siilts  I  for  instance,  [loLiiHHiuTiil  easily  giveu  acid 

>MJ.tM,  and  tlie  otlier  (in  thiK  int^tance,  niai^neHiuui)  basic  ftiilts;  the  properties  of  distinctly 

dc   element**  predominate   in  tbe  former,  whilst  in  the  lattejr  these  properties  me 

ifeebled,  unci  the  naltH  formed  by  them  bear  the  cburj^cter  of  acidf*^ — for  inHtant'e,  the 

iMklts  of  idtiniininm  or  ma^iesimn  act  in  many  ca^es  Uke  acids*     By  t)teir  niotna]  combt- 

fiatirim  both  theKe  prD|>ertieB  of  the  salts  are  aatiiified, 

"  Ciimallite  baa  been  mentioned  in  Chapter  X.  (Note  4)  aiid  in  Chapter  XIll.    The«e 
{xjHttH  abo  contain  much  kninite^  KMgCl(S04),8ll30  (ftp«  gr.,  3*13;  100  parts  of  water 
^'diHAohe  7V'6  pi\rtii  at  18' ).     This  double  i^alt  contains  two  metali  and  two  haloids, 

'^  The  component  parts  of  certain  double  salts  difluse  at  different  rates,  and  a«4  the 
diffused  solution  contains  a  different  proportion  of  the  com^ionent  kaHb  thutn  the 
Molution  taken  of  the  double  saltj  it  shows  that  anch  Halts  are  decomposed  by  water. 
Accor<ling  t^3  Rfidorff,  the  double  salts,  Uke  cikmallite,  MgKi(804)j,CH.jO,  and  the  alums, 
all  belong  to  this  order  (IHHm),  But  hucIi  Halts  as  tartar  euietjc,  the  double  oxalates,  and 
double  cyanides  are  not  i^parated  by  diffmion,  wtiich  in  all  probability  depends  both  t»n 
the  relative  rate  of  the  difTuHion  *5f  the  c  >Lupoueut  tealts  and  on  the  measure  of  affinity 
acting  between  them.  Thoee  coiuplex  states  of  e<|utlibritmi  which  exiitt  between  water, 
the  individual  aalts  MX  and  NY,  aJid  the  double  aalt  MXXY,  have  been  already  partially 
ajiiilye*ed  (a»  will  be  uhovvu  hereafter)  in  that  ca*e  when  the  system  is  heterogeneouA 
(that  isf  wheti  something  separates  out  in  a  solid  Ktate  from  the  liquid  solution),  but  iti 
tliti  case  of  equilibria  in  a  homogeneous  liquid  medium  (in  a  HoUition)  the  phenomenoti  ig 
not  so  clear,  because  it  ooncenis  tliat  very  theory  of  solutitm  which  eiumot  yet  b« 
considered  as  established  (Chapter  1.  Note  U,  and  others).  Ak  ref^ards  the  heterogeneous 
decomposition  of  double  salts,  it  has  long  been  known  that  such  salts  as  carniiiUto  and 
KsMkI^O^)^  give  «p  the  more  soluble  salt  of  ma^^iesium  if  an  insufficient  tfujintity  of 
water  for  their  complete  feolaUoQ  be  Uketi.  Tlie  ctmiplete  saturation  of  lOCf  parts  of  water 
i-etiuireh  rtt  Cl''  141,  at  20**  !15,  «ad«t  60°  603  parts  of  the  Utter  double  nalt  lanhydrooa), 
while  IIKJ  parts  of  water  disoalve  37  parts  of  nuij^nesiuiu  sulphate  at  0^,  M  parts  at  30^^ 
and  55  parts  at  ^°^  of  the  anhydrous  salt  taken. 

Of  all  the  states  of  equilibrium  eiLhibited  by  double  wits  Ihe  most  fully  inrestigated 
iLS  yet  is  the  systeoi  containing  water,  sodium  sulpluit«,  majg^uesimn  sulphate,  and  their 
double  salt,  Na^MgCSOi)},  which  cry«talli«e«i  with  4  and  6  mob  OHo,  The  firHt  cryetallo- 
bydrate,  MgNa^(S04lj|4H.jO,  occurs  at  Stassfurt^  and  as  «  sedimentary  dopoftit  in  majiy 
of  the  Hi^H  lakes  nt>»x  A«>trakhan,  and  i»  therefore  called  aatrakhtinite.  The  spec^ific 
gravity  of  the  monoclinic  prismft  ol  tliis  salt  is  'i'!i2.  If  this  salt^  in  a  finely-divided  btutt% 
\h*  mixed  with  the  necessary  (acearding  to  tlie  equation)  quantity  of  water,  then  the 
mijcture  solidiliefl  like  plaster  of  Paris  into  a  homogeneous  mass  if  the  tem|^ratore  he 
bulow  aii^  (Van't  Hoff  und  Van  Deveuter,  18B(V;  Bakhiui  Hooxeboom^  imi) ;  but  if  the 
temperature  be  above  this  travirition-puint  then  the  water  and  doable  salt  do  not  react 
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The  nearest  analogues  of  magnesium  are  able  to  give  exactly  similar 
double  salts,  both  in  crystalline  form  (monoclinic  system)  and  com- 
position ;  they,  like  this  salt  {see  Chapter  XV.),  are  easily  able  w 
(140°)  part  with  all  their  water  of  crystallisation,  and  correspond  witk 
the  salts  of  sulphuric  acid,  whose  t3rpe  may  be  taken,  as  fnagnmuik 
Hulphate,  MgS04.2<'     It  occurs  at  Stassfurt  as  kieseritCy   MgSO^jHjO. 

on  each  other:  MgNa2(S04).2,4H20  +  18HaO  =  Na2S04,10H2O  +  MgSO4,7H2O;  thatistk^r 
do  not  solidify  or  give  a  mixture  of  sodium  and  magnesium  sulphates.     If  a  mixture  i£ 
equivalent  quantities)  of  solutions  of  these  salts  be  evaporated,  and   crystals  of  ft^n^ 
khanite  and  of  the  individual  salts  capable  of  proceeding  from  it   be   added  to  the  con- 
centrated solution  to  avoid  the  possibility  of  a  supersaturated  solution,  then  at  tempm- 
tures  above  22°  astrakhanite  is  exclusively  formed  (this  is  the  method  of  its  prodoctioas 
but  at  lower  temperatures  the  individual  salts  are  alone  produced.    If  equivalent  amoiuit* 
of  Glauber's  salt  and  magnesium  sulphate  be  mixed  together  in  a  solid  state,  then  thez«  > 
no  change  at  temperatures  below  22^,  but  at  higher  temperatures  astrakhanite  and  vAk; 
are  formed.    The  volume  corresponding  with  Na.^SO4,10H2O  in  grams  =322  1*46= 2&^i 
cubic  centimetres,  and  of  MgS04,7HQO  =  246/1*68  =  146-4 ;  hence  their  mixture  in  equivmleLt 
quantities  occupies  a  volume  of  366*9  c.c.   The  volume  of  astrakhanite  =334  2*22= 1^>>» 
and  the  volume  of  13H20  =  234,  hence  their  sum  =380*5  c.c,  and  therefore  it  is  easy  u- 
foUow  the  formation  of  the  astrakhanite  in  a  suitable  apparatus  (a  kind  of  thermcmieirr 
containing  oil  and  a  powdered  mixture  of  sodium  and  magnesium  sulphates),  and  to  i^ 
by  the  variatioiv  in  volume  that  before  22°  it  remains  unchanged,  and  at  higher  tempfr*- 
tures  proceeds  more  quickly  the  higher  the  temperature.    At  the  transition  tempemosv 
tlie  solubility  of  astrakhanite  and  of  the  mixture  of  the  component  salts  is  one  and  tbr 
same,  whilst  at  higher  temperatures  a  solution  which  is  saturated  for   a  mixture  of  lb? 
individual  salts  would  be  supersatunited  for  astraklinnite,  and  at  lower  temperature?  tii^ 
solution  of  astrakhanite  will  be  superHaturated  for  the  component    salts,  as  }u»s  b^: 
shown  witli  especial  detail  by  Karsten,  Diacon,  and  others.     Roozeboom  showed  thi* 
there  are  two  limits  to  tlie  composition  of  the  solutions  which  can  exist  for  a  double  saIi. 
these  limits  are  respectively  obtained  by  dissolving  a  mixture  of   the   double  sidt  wri 
each  of  its  component  simple  salts.     Van't  Hoff  demonstrated,    besides   this,  that  t-^ 
teiiflency  towards  the  formation  of  double  salts  has  a  distinct  inHuence   on   the  pn^^' 
of  double  decomposition,  because  at  temperatures  above  31^^  the  mixture  SMgSO^.TH;.' 
-r2XaCl  passes  into  MgNa.2(S04)  ,,4HoO+ MgClj,C.H20  + 4H2O,  whilst  below  31-  therv  .^ 
not  this  double  decomposition,  but   it  proceeds  in  the  opposite    direction    as  may  f*- 
demonstrated  by  the  above-described  methods. 

From  these  examples  on  double  salts  we  see  that  there  is  as  close  a  dependeccv 
between  the  temjierature  and  the  formation  of  substances  as  there  is  between  the  Xfa- 
perature  and  a  change  of  state.  It  is  a  case  of  the  conceptions  of  Devillc;  concernirj. 
dissociation,  but  extended  in  the  direction  of  the  passage  of  a  solid  into  a  liquid.  C»: 
the  other  hand,  we  here  see  liow  essential  a  rule  water  plays  in  the  formation  of  O'-' 
pounds,  and  how  the  affinity  for  water  of  crystallisation  is  essentially  analc»gou<  '■ 
the  affinity  between  salts,  and  hence  also  to  the  affinity  of  acids  for  bases  becAD-^r 
the  formation  of  double  salts  does  not  in  any  essential  point  (except  the  measiun"  ■ 
affinity — that  is,  from  a  quantitative  aspect)  differ  from  the  formation  of  salts  then 
selves.  When  sodium  hydroxide  with  nitric  acid  gives  sodium  nitrate  and  water  th- 
phenomenon  is  essentially  tlie  same  as  in  the  formation  of  astrakhanite  from  the  ^'> 
NajSO.,,10H,O  and  MgSO,,7H.jO.  Water  is  disengaged  in  both  cases  and  henc«?  t^^ 
volumes  are  altered. 

'-'^  This  salt,  and  especially  its  crystallo-hydrate  with  TH.^O,  is  genenUlv  known  v 
Epsom  salts.  It  has  hmg  been  used  as  a  jnirgative.  It  is  easily  obtained  f rem  ma»mt»- •> 
and  sulphuric  acid,  and  it  s«,'parates  on  the  evaporation  of  sea  water  and  of  manv  salir- 
springs.      When   carbonic    anhydride   is  obtained  by  the  action   of    sulphuric  acid  •• 
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and  generally  separates  from  solutions  as  a  heptahydrated  salt^ 
MgS04,7H.20,  and  from  supersaturated  solutions  as  a  hexahydrate<l 
salt,  MgS04,6H20  ;  at  temperatures  below  0°  it  crystallises  out  as  a 
dodecahyd rated  salt,  MgS04,12H20,  and  a  solution  of  the  com- 
position MgS04,2H20  completely  solidifies  at  S®.^^  Thus  between 
water  and  magnesium  sulphate  there  may  exist  several  definite  and 
more  or  less  stable  degrees  of  equilibrium,  and  the  double  salt 
MgS04K.2S04,6H20  may  be  regarded  as  one  of  these  equilibrated 
systems,  all  the  more  as  it  contains  GHgO,  whilst  MgS04  is  able  to- 

magnesite,  magnesiiiin  sulphate  remains  in  solution.  When  dolomite — that  is,  a  mixture 
of  magneKium  and  calcium  carbonates — is  subjected  to  the  action  of  a  solution  of  hydro- 
chloric acid  until  about  half  of  the  salt  remains,  then  the  calcium  carbonate  is  chiefly 
dissolved  and  magnesium  carbonate  is  left,  and,  by  treatment  with  sulphuric  acid,  gives 
a  solution  of  magnesium  sulphate. 

^  The  anhydrous  salt,  MgSO^  (sp.  gr.,  2-01),  attracts  moisture  (7  mol.  H.2O)  from 
moist  air;  when  heated  in  steam  or  hydrogen  chloride  it  gives  sulphuric  acid,  and. 
when  heated  with  carbon  is  decomposed,  according  to  the  equation  2MgS04  +  C  =  2S02^ 
+  CO.,  +  2MgO.  The  monohydrated  salt  (kieserite),  MgS04,H20  (sp.  gr.,  2'50),  dissolves 
in  water  with  difficulty,  and  remains  when  the  other  crystallo-hydrates  are  heated  to  135°.. 
The  hexahydrated  salt  is  dimoq^hous.  If  a  solution,  saturated  at  the  boiling-point,  be  pre- 
pared, and  cooled  without  access  of  crystals  of  the  heptahydrated  salt,  then  MgS04,6H20 
crystallises  out  in  monoclinic  prisms  (Loewel,  Marignac),  which  are  quite  as  un- 
stable as  the  salt,  NaSOi.TH-^O  (p.  500) ;  but  if  prismatic  crystals  of  the  cubic  system 
of  the  copper-nickel  salts  of  the  composition  MS04,6H20  be  added,  then  crystals  of 
MgS04,6H20  are  deposited  on  them  as  prisms  of  the  cubic  system  (Lecoq  de  Boisbaudran).. 
The  common  crystallo-hydrate,  MgS04,7Ha0,  Epsom  salts,  belongs  to  the  rhombic 
system,  and  is  obtained  by  crystallisation  below  80^.  Its  specific  gravity  is  1*69.  In  a 
vacuum,  or  at  100^,  it  loses  5H3O,  at  132°  GHjO,  and  at  210^  all  the  TH.^O  (Graham).  If 
crystals  of  ferrous  or  cobaltic  sulphate  be  placed  in  a  saturated  solution,  then  hexagonal 
crystals  of  the  heptahydrated  salt  are  formed  (Lecoq  de  Boisbaudran) ;  they  present 
an  unstable  state  of  equilibrium,  and  soon  become  cloudy,  probably  owing  to  their  trans- 
fonnation  into  the  more  stable  common  form.  Fritzsche,  by  cooling  saturated  solutions, 
below  0*^,  obtained  a  mixture  of  crystals  of  ice  and  of  a  dodecahydrated  salt,  which  easily 
split  up  at  temperatures  above  0^.  Gutlirie  showed  that  dilute  solutions  of  magnesium 
sulphate,  when  refrigerated,  separate  ice  until  the  solution  attains  a  composition 
MgS04,24H.20,  which  will  completely  freeze  into  a  crystallo-hydrate  at  —  5'8^  (p.  97). 
According  to  CopjHft  and  Riidorflf,  the  temperature  of  the  formation  of  ice  falls  by  0*073® 
for  every  part  by  weight  of  the  heptahydrated  salt  per  100  of  water.  This  figure  gives 
(Chapter  I.  Note  49)  j  —  1  for  both  the  heptahydrated  and  the  anhydrous  salt,  from  which 
it  is  clearly  seen  that  it  is  impossible  to  judge  the  state  of  combination  in  which  a  dis- 
solved substance  occurs  by  the  temperature  of  the  formation  of  ice. 

The  solubility  of  the  different  crystallo-hydrates  of  magnesium  sulphate,  according  to 
Loewel,  also  varies,  like  those  of  sodium  sulphate  or  carbonate  {see  Chapter  XII.  Notes 
7  and  IH).  At  0-  100  parts  of  water  dissolves  40*7.'>  MgSOi  in  the  presence  of  the  hexa- 
hydrated salt,  J)4(»7  >IgS04  in  the  presence  of  the  hexagonal  heptahydrated  salt,  and 
only  20  parts  of  MgSO|  in  the  presence  of  the  ordinary  heptahydrated  salt — that  is, 
solutions  giving  the  remaining  crystallo-hydrates  will  be  supersaturated  for  the  ordinary 
heptahydrated  siilt. 

All  this  shows  how  nniny  diverse  sspects  of  more  or  less  stable  equilibria  may  exist 
between  water  and  a  substance  dissolved  in  it ;  this  has  already  been  enlarged  on  in 
Chapter  I. 

Carefully  purified  magnesium  sulphate  in  its  aqueous  solution  gives,  according  to  • 
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combine  into  a  most  stable  system  with  TH^O  ;  and  the  doable  a 

may  be  considered  as  this  crystaliu-hydrate,  in  which  one  molectik 
water  is  iieplaoed  by  the  rauleculi5  KifSO^.^** 

The  power  of  Jhrminf/  bastr  mltshti  very  remarkable  pecaltafi 
iif  magnesia  and  other  feeble  bases,  and  especially  o£  thuse  cna 
.spending  with  polyvalent  metals.  The  very  powerful  l»ase$  ooti 
spending  with  univalent  metJxU^ — like  potassium  and  sodium — do 
form  basic  salts,  and,  indeed,  ure  more  prone  to  give  acid  salts,  wW 
magnesium  easily  and  t'requetitly  forms  basic  salts,  especially  wi 
feeble  acids,  although  there  are  oxides— as,  for  example,  copper  tl 
ieatl  oxides — whii:4i  .still  more  frequently  give  basic  siUts.  II  a  oc 
i5o!«ition  of  magnesium  sulphate  be  mixed  with  a  solution  of  aoditi 
carlionate  there  is  formed  a  gelatinous  precipitate  of  a  borne  ■ 
Mg(HO).2,4MgC03,9HjO  ;  but  all  the  magnesia  is  not  precipitated 
ttiis  case,  as  a  portion  of  it  remaiiLs  in  solution  as  au  acid  double  m 
If  sodium  carbonate  be  added  to  a  boiling  solution  of  niagiMsil 
sulphate  there  is  formed  a  precipitate  uf  a  still  more  basic 
4MgS0.i  +  4Na.jCO:4-f  4IL/J  =  4Na.^S0^  +  CO»+Mg(OH)3j,3Mg(X 
3H.jO.  This  basic  salt  forms  the  ordinary  medicine,  magnesia  ( 
nesia  alba}^  in  the  form  of  light  poroas  lumps.  Other  basic  ^:^^*  - 
formed  under  certain  modifications  of  temperature  and  eondi 
decomposition.  But  fhe  normal  mlly  MgCOs,  which  occurs  in  natoi 
as  magnesite  in  the  form  of  rliombohedra  of  sp.  gr.  3-05G,  caj 
obtained  by  such  a  method  of  precipitation.  In  fact  the  fomij 
the  different  basic  sjilts  shows  the  power  of  water  to  deeouj 
normal  salt.  It  is  possible,  however,  to  obtain  this  salt  by 
means,  both  in  an  anhy<b'ous  and  hydrated  state,  Jl  solu 
magnesium  carbonate  in  water  containing  carbomc  acid  is 
this  [mrpose.  The  reason  of  this  is  reaflily  understood 
anhydride  is  one  of  the  products  of  the  decomp»sitioii  of  i 

StcherbakofT,   an   idkaline   reociion    with    libnius,   and   ntt   acid    re«ctioct   wftll 
pbtlialein. 

Tlie  Bpecific  gnuily  of  eolattous  of  certAiii  Halts  of  mugneBitini  and  calcium 
to  15^/4®  (nee  my  work  cited  t  Chivpt^r  I.  Note  lUJ,  are,  ifwuturut  4*^  -s  lOOOO, 
MgSO^  :  s  -  vmua  +  mS9p  +  ouejjtp* 
MjfCla  :  *  -  l)99'2  +  MlBlp  -t-  O-STap* 

15^  (U!di  =  -{V&  +  iiVlp)  for  CiiClj 
*•  GmbAin  even  diBtingnisbed  the  lant  eqnividentof  the  water  of  crystn^tlii 
heptohydrAted  nwlt  hb  tlml  whieli  in  lefiliiced  by  i>ther  mdU^  poittilug   oat 
Balis  like  MgK5(S04)^CH^O  lose  aU  their  water  at  185%  whilst  MgSO^.TH-jO  anU 
with  OH4O.    However,  Piokeriup  iifterwi^rdH  showed  the  easy  decomtios»UiUtv  ti  ( 
double  ftalts>  and  determined  that  tlieir  lornitttion  kaccoinpaTiied  by  u  «iatdldor«il< 
of  be»it»  und  showed  that,  in  general  iChapWr  I.  Note  50)^  the  combiimtiun  q| 
x'ryitttdtigatioii  iv  cLccompaiiied  by  a  smull  doTelopmeut  of  beat. 
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Icarbonate  in  the  presence  of  water.  If  this  solution  be  left  to 
lievapor'ate  spontaneously  the  nortiml  salt  separates  in  a  hTdrated  fonn, 
but  in  the  evaporation  of  a  heated  solution,  through  which  a  stream  of 
irhonic  anhydriile  is  passed,  the  anliydrous  salt  is  forujed  as  a 
^^stalline  mass,  which  remains  unaltered  in  the  air,  like  the  natural 
I  mineral.^'*  The  decomposing  influence  of  water  on  the  salts  of  mag- 
aesiumj  which  is  directly  dependent  on  the  feeble  basic  properties  of 
aesiaj***  is  most  clearly  seen  in  latt^ne^iuin  chioridf,  MgCl.,*  This 
t  is  contained,^'  as  we  have  already  seen  (Chapter  X,),  in  sea  water, 
remains  in  the  last  mother  liquors  of  its  evaporation.  On  coupling 
surticiently  concentrated  s«»lution,  tlie  crystallo-hydrate,  MgCl>,0H.^O^ 
iparates;"*^  but  if  it  l>e  further  hejitetl  (alK>ve  100°)  to  remove  tho 
ater,  then  hydrochloric  «cid  passes  off  together  with  the  latter,  so 
that  there  ultimately  remains  magnesia  with  a  small  quantity  of  mag- 
nesium chloride,"'^*  Fi*om  what  has  been  said  it  is  evident  that  anhy- 
drous magnesium  chloride  cannot  be  obtained  by  simple  evaporation* 
But  if  sal -ammoniac  or  sodium  chloride  be  addwl  to  a  solution  of 
magnesium  chloride^  then  the  evolution  uf  hydro<.!hlortc  acid  does  not 
take  place,  and  after  complete  evaporation  the  remaining  mass  is 
entirely  soluble  in  water.    This  renders  it  possible  to  obtain  anhydrous 

**  Tlie  c rj' stall i Hi"  form  al  the  iivibydmug  »alt  obti^ined  iii  thin  iimnntfr  h  not  the  s^iine 
«fi  that  fif  the  imtiiml  saU.  TIh'  farmer  jfiveft  rhombohedrft,  like  thoho  in  whicli  enlciam 
rboTi&te  app*!urR  as  ciilc  apti^r,  Mr  hil^t  the  natunhl  salt  appe&rs  a*  rbonibit-  priBms,  like  Uioae 
imes  presented  by  the  same  carbonaU*,  as  arttgonit-e,  which  will  txion  bo  described. 
Mng^neKiutn  sulpbat«  enters  into  certain  reiu'tionn  which  are  proiMnT  to  stilphanc 
id  itself.  Thu«,  for  inBtauce,  if  a  carefuUy-prepared  mixtare  of  equivalent  quantities 
^Ol  hydi-ous  magnesium  sutphate  and  sodium  chloride  be  heated  to  a  red  hoat,  the  evola- 
lion  *>f  hydriKililoric  acid  is<  obften'ed  ]U»t  tui  in  ihcs  action  of  eulphurie  acid  on  common 
ftiilt,  MgSOi  ^  2NaCl  +  Up  ^  Ka-jSO^  >  M|rO  +  2HC1.  Ma^e-iium  sulphate  acts  in  it 
Htniilar  manner  on  nitratcK,  with  the  evolution  of  nitric  acid.  A  mixture  of  it  with 
common  salt  nnd  manganese  peroxide  gives  chlorine.  Sulphuric  acid  is  aometimea 
r»'phutd  by  magnesium  eulphate  in  palvauic  baiteriea — for  example,  in  the  well-known 
Meidinger  battery.  In  the  above-mentioned  reactions  we  see  a  striking  example  of  how 
iilikr  the  relations  of  acide  and  lalts  are,  especial ly  of  salts  which  are  formed  by  sucb 
feeble  baiie<%  au  magne&ia. 

^>  Ail  f^A  water  contains  itiany  &alta,  MCI  and  MgX^  it  fotkjwt,  According  to  B«r- 
thoHet'tf*  teaching,  that  Mgl-?lj  ifl  al&o  present. 

'*  Aa  the  cryst4illo-bydrate«  of  the  salts  of  sotlium  often  contain  lOH^O,  so  many  of 
the  wlUh  of  magnesium  contain  ttHjO* 

'^'  This  decon  J  position  h  most  simplydefincd  as  the  result  of  the  tyvo  rcvcrBc  reactioup 
MgC'l.  +  H .0  -  MgO  +  2HC1  und  MgO  +  2HCI  =  MgCtj  4-  H.O,  or  aa  a  distribution 
l>etween  O  iind  CL  on  the  one  hiuid  and  H<  atid  Jig  on  the  other.  It  i«*  then  clear  tiiat 
according  to  Berthtdlet's  doctrine,  the  uiasm  of  the  hydrochloric  acid  convert**  the  niag- 
iiesinm  oxide  into  chloride,  and  the  mass  of  tlie  water  converts  the  magne&ium  chloride 
into  oxide.  The  cr^stiUlo-hydmte,  MgCl^^OH.jO,  forms  the  hrait  of  the  rever«ibihty.  But 
an  intermediate  iiLite  of  equilibrimn  may  exist  tti  the  form  of  ba«ic  Kalt^.  On  nnidnir 
ignited  magiieeia  with  a  solntion  of  magnesiom  clilonde  of  sper(A(»  gravit}-  about  1*3  a 
solid  mass  is  obtained  which  is  scarcely  decompoewed  by  water  at  the  ordinary  teuuHira* 
ture  («w  Zinc). 

VOL.   I.  Q  Q 


aisu  luriutxi  uy  \>ua  uirtwb  uuiuuiuiiuuii  ui  cuiunne  ana  mi 
by  the  action  of  chlorine  on  magnesium  oxide,  oxygen  b 
this  proceeds  still  more  easily  by  heating  magnesia  tvith 
stream  of  chlorine^  when  the  charcoal  serves  to  take  u] 
This  latter  method  is  also  employed  for  the  preparatio 
which  are  formed  in  an  anhydrous  form  with  still  gre 
than  magnesium  chloride.  Anhydrous  magnesium  chl( 
colourless,  transparent  mass,  composed  of  flexible  crys 
of  a  pearly  lustre.  It  fuses  at  low  red  heat  (708®)  int 
liquid,  remains  unchanged  in  a  dry  state,  but  under 
moisture  is  partially  decomposed  even  at  the  ordinary 
with  formation  of  hydrochloric  acid. 

Calcium  compounds  in  many  respects  present  a 
blance  to  magnesium  compounds,  but  are  also  clearly 
from  them  by  many  properties. ^'^  In  general  calciu 
magnesium  in  the  same  relation  as  potassium  occupi< 
to  sodium.  Davy  obtained  metallic  calcium,  like  pota 
amalgam  by  the  action  of  a  galvanic  current ;  but  neithei 
iron  decomposes  calcium  oxide,  and  even  sodium  decomj 
chloride  ^^  with  difficulty.  But  a  galvanic  current  easil^ 
calcium  chloride,  and  metallic  sodium  somewhat  easilj 
calcium  iodide  when  heated.     As  in  the  case  of  hydroge] 


'^  According  to  Thomsen,  the  combination  of  MgCl2  with  6H.2O  evolve 
and  its  solution  in  an  excess  of  water  86000  heat  units. 

^  There  are  many  other  methods  of  separating  calcium  from  ma^nes 
■mortf.ionefl  ahove  TNote  22^.     Amontr  them  it  will  be  Ruffir.ient  tn  m«»r»firM 
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aod  magnesium,  tlit^  jiffinity  of  iocline  for  calcium  is  feebler  than  that  of 
chlorine  (and  oxygen),  and  therefor©  it  is  not  astonishing  that  calcium 
itxliile  may  he  subjected  to  that  decomjjositioii,  int-o  which  the  chloride 
nnd  oxide  entei*  with  dirtieiilty.*'''  Metallic  calf  in  m  is  of  a  yellow 
colour,  and  has  a  considerable  lustre,  which  it  preserves  in  dry  air.  Its 
cific  gnivity  is  1*58.  Calcium  is  distinguished  by  its  gi-eat  ductility  ; 
it  melts  at  a  red  heat  and  then  burns  in  the  air  with  a  very  brilliant 
flame,  wliich  is  easily  undei-stood  from  the  fact  that  finely-divided 
infusible  calcium  oxide  is  formed.  Judging  from  the  fact  tliat  in 
buroiuf^  calcium  g-ivea  a  very  large  flame,  it  is  probable  that  this  metal 
is  volatile.  Calcium  decomposes  water  at  the  ordinary  tem[jeratnre, 
and  is  oxidised  in  moist  air,  but  not  so  rapidly  as  sodiuut.  In  burning, 
calcium  gives  its  oxide  or  Ume^  CaO,  a  substance  which  is  familiar  to 
very  one,  and  of  which  we  have  alrejidy  frequently  had  occiidon  to 
«peak.  This  oxide  is  not  met  with  in  nature  in  a  free  state,  liecause  it 
an  energetic  base  which  everywhere  encounters  acid  substanceSj  with 
which  it  forms  salts.  Generally  it  is  combined  with  silica,  or  occurs 
^ILS  calcium  carbonate  or  sulphate.  The  calcium  carbomate  and  nitrate 
are  decomposed,  at  a  red  heat,  with  the  formation  of  Hme.  As  a  rule, 
the  carbonate,  which  is  so  fref|uently  met  with  in  nature,  serves  as  the 
source  of  the  calcium  oxide,  both  commercial  and  pure.  When  heated 
calcium  carbonate  dissociates:  CaCOasCaOH-COa,  In  practice  the 
decom|)osition  is  conducted  at  a  bright  red  heiit,  in  the  pre.sence  of 
steam,  or  a  current  of  a  fomign  gas,  in  heaps  or  in  special  kilns. ^* 


^r  '^  Caldiuii  iodidti  m»y  be  pn*pnriMi  by  tuitarntiag  lime  with  hydrioilic  iicid.  It  ia  a  very 
3^1tilile  ^t  (at  20'^  nne  part  of  tlie  sudi  reqoirea  0'4l>  parte  und  ut  AH'^  0'S5  parts  of  water 
Jor  Boilution)^  is  cleliiiuc'HCfeiit  in  the  iiir.  and  rofl«mbleBi  calciarn  i.liloride  in  many  respect** 
It  e1iiLii*^eii  but  little  when  evaporatt'd,  iviid,  like  calcinm  ehloridej  fasea  when  heated,  and 
therefore  all  tlie  water  may  be  driven  off  by  heat.  If  anJiydroii»  calcinm  iodide  be  heated 
with  an  equivaleTit  quantity  nf  f^odiniti  in  a  clotiely-covGred  iron  crucible^  Hodiuin  iodide 

tand  metallic  calcium  are  formed  (LtL^s-Bodart).  Puma»  adviiieii  carrying  on  this  re- 
action in  a  closed  spoctt  under  pressure. 
^  Kilna  which  act  either  intermittently  or  continuoQaly  are  bnilt  lor  thin  purpose.  The 
^Ins  of  the  first  kind  are  fiQed  with  idternat^  layers  of  fuel  and  limestone;  tlie  fuel  in 
Plghtedt  and  the  heat  deveIoi>e<]  by  itn  combustion  aerveii  for  decompoisiiug  tlio  Unie^toiie* 
When  the  pn:>c«iit>  i^  completed  the  kiln  i»  allowed  to  cool  iomewhatt  tire  lime  rukt-nl  oat, 
ftnd  the  same  process  rein*ated.  In  the  con tiimou sly-acting  fumaces,  con*itruoted  hke 
that  ^hown  in  fig,  78,  the  kiln  ittielf  only  containi  limestone,  and  there  are  ktcral  hearths 
for  burning  the  fuel,  whose  flame  passt^H  through  the  limestone  and  Bcrves  fai  it^  decom' 
position.  Sach  furnaces  are  able  t^i  work  conliuoously  because  the  uubumt  limeitone 
may  be  charged  from  abovei  and  the  burnt  lime  raked  oat  from  below. 

It  ia  not  every  Uroeitone  that  it^  suitable  for  the  pr«;paration  of  linie^  beoaane  many 
Contain  imptiritiefi,  especially  clay,  dolomite,  and  sand.  Snch  limestones  when  burnt 
either  partially  fuse  or  give  an  impure  lime,  called  poor  lime  in  distinction  trvfrn  thai 
pure  lime  which  is  obtained  from  purer  limestone,  ajjd  whieb  i»  cftlled  rii^h  Ume,  Thu 
latter  quality  is  characterised  by  iU  disintegrating  into  a  fine  powder  when  tn^ated  with 
water,  and  is  suitable  for  tJie  majority  of  uses  to  which  lime  is  applied^  and  for  whitih 

QQ2 
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Calcium  oxide — that  is,  tjuicklime — is  a  substance    (ap.  gr.  3Tv 

the  poor  lime  is  Bometimes  qtiite  unfit.  However,  certain  IdndA  of  poor  lime  fas  w*'  *k* 
see  in  thw  chapter  on  siUeori)  ure  n«eil  in  the  preparation  of  hydraulic  liiD»»,»bn 
solidify  into  iv  hard  muBS  under  water. 

In  order  to  obtain  quite  pure  Ibne  it  is  tieceniiAry  to  take  the  purest  fiowlklp  o  I 
ierklfi.  In  the  luboraiory,  marble  or  ahellfi  are  tisf d  for  this  porpoee  mm  »  purm  looi  li  \ 
calcinm  earbonate.    They  are  tret  burnt  in  a  furnace,  and  Uien    put  In  ft  (TDCtble  i 


FlO.  Tg.— Coiitiuuf>u»ly.*ctIug:kllii  fivrlMiraiiiig  Jinir/.  Tiie  Inn.  ,    ,  .  ii  1  rtHiiw^'w 

fonr  latemJ:  grates,  R,  M,    D.  firL'-ljiir*.    B,  iiuxca  far  wiUtUruiiiiii^^  tin*  burnt  lUnm,    £.  fl^^ 
house.    M,  ftro-gTftte.    Q^  Tl,  uinlcr  inrratc. 

moiiitened  with  a  imall  quantity  c^t  water,  and  then  agam  strongly  ignited,  br  vlitl  I 
inennfl  a  purer  hjne  ie  obt^iined.  Pure  lime  maybe  more  mpidly  prepared  l»v  uL- 
calcium  nitrat*>,  CiiX^f^Ci  which  ih  ensily  olvttiioed  by  diHsoking  Hmo&lTine  In  ftitn.  *. 
T\\G  solution  Dbtaini'cl  is  Ixnled  vdlh  a  snutll  quantity  of  lime  lu  order  to  r  nH-jtuti-V  f- 
foreign  oxides  which  am  itisolubl*^  in  wuLer,  The  oxidet«  of  iron,  atnuitmnrti  &c  i-' 
precipitatetl  hy  this  meaud.  The  tuilt  U  Uil-h  cryatallitfed  mid  i^uitod  *  CiiXdU  • 
CftO  +  2NO2  +0.  •  **^ 

In  the  decompoRition  of  calcium  carbonate  the  lime  jri'serve*  the  inj  m  ^f  tl>r  lo»|» 
attbjoctcd  to  ignition ;  this  ia  one  of  the  Bigns  diEtinguifihing  quicklime  -w  hi»t%  tt  b  fnat^ 


THE  VALENCY  AND  SPECIFIC  HEAT  OF  THE  HETALS   697 


I 

I 
I 

I 


I 


whieli  is  unaffected  by  lieat,^^  and  may  therefore  serve  as  a  fire- 
resisting  material,  and  was  employe<i  by  De%Hlle  for  the  construction 
of  furnaces  in  which  platinum  was  melted,  and  silver  volatiiiseti  by  the 
miction  of  the  heat  evolved  by  the  cotubuation  of  detonating  gas,  Tht5 
hydrated  lime,  slaked  lime,  or  calcium  hydroxide,  CaHaOj  (sp.  gr. 
2*07)  is  a  moat  tummoii  alkaline  substance,  which  is  employed  largely 
in  building  for  milking  raortars  or  cements,  in  which  case  its  bind- 
ing property  is  mainly  due  to  the  absorption  of  carbonic  anhydride  J** 
Ifime,  like  other  alkalis,  acts  on  many  animal  and  vegetable  sub- 
stances,  and  for  this  reason  has  many  practical  uses— for  example, 
for  removing  fats,  and  in  agriculture  for  acceler^iting  the  decom- 
position  of  organic  substances  in  the  so-called  cornpmi^  or  accumu- 
lations of  vegetable  and  animal  remains  used  for  fertilising  land. 
Calcium  hydroxide  easily  loses  its  water  at  a  moderate  heat  (530**), 
but  it  does  not  part  with  water  at  100°.  'VVTien  mixed  with  water 
lime  forms  a  pasty  mass,  which  is  known  as  slaked  li/me^  and  in  a 
more  dilute  form  as  milk  of  Hine^  because  when  shaken  up  in  water 

ibumi  And  uimlieied  by  air«  It  Attmotb  moisturiu  fn^va  the  liir  and  tlien  diauitegT&teB  iuto 
4b  powder  ;  if  Xati  iimg  erpoiM»d  in  the  tdt  it  idso  attructs  carbonic  anbydiide  and 
lucie*M»8  in  vi>lunn« ;  it  does  not  entirely  p«aa  into  CMjrliOiULte,  but  funua  a  compomid  of 
the  IMIer  with  untintiu  limit. 

^  Lime,  when  beated  to  a  white  beaL  in  the  vapoQr  of  poLas&iiimt  give*  calcium^  and 
in  ehioriuB  it  disengajfes  oxygen.  4Julphur,  phosplioma,  il'c,  when  heated  with  liia<^,  arc 
absorbed  by  it. 

^  The  ^eator  quantity  of  hme  is  tised  in  msJcing  mortar  for  binding  bncks  or  atoneB 
iogvther,  in  the  form  of  lime  or  cement,  or  the  ao-oaU^  tlaked  Umt\  For  thia  purpose 
the  lime  in  mixed  with  water  and  «and,  which  serret  to  sepAxate  the  particles  of  lime 
from  each  other.  If  only  hme  paste  were  put  between  two  bn£k«  they  would  not  hold 
iinul)'  together^  becaofie  after  the  water  bad  evaporated  tbe  lime  would  occupy  a  smaller 
tipple  thiui  before,  and  therefore  c(rackfl  and  powder  would  form  in  it«  maaa,  so  that  it  would 
not  ttt  all  produce  that  complete  cementation  of  the  bricks  which  it  ia  desired  to  attain. 
Piooea  of  stone — that  i^^,  i4a.nd — mixed  with  the  lime  hinder  thi^  prtxN^as  of  diaintegratiou, 
beoanse  the  lime  bind&  together  the  individual  graiua  of  sand  mixed  with  it,  and  forma 
one  concrete  manti,  in  consequence  of  a  procesii  which  proceeda  after  the  desiccation  or 
removal  of  the  water.  Tlie  procebB  of  the  fiolidificutioti  of  lime,  taken  as  slaked  lime, 
conaisttt  ft  rut  in  the  direct  evaporation  of  the  wat*5r  and  crj'italHiiatton  of  the  hydrate,  bo 
that  the  lime  blndfi  the  stonen  and  aaud  mixed  with  it,  juat  as  glue  bindft  two  ptecea  of 
wood.  But  thiK  preliminary  binding  action  of  lime  i»  feeble  (as  is  seen  by  direct  experi- 
ment) unka»  there  be  further  alteration  of  the  lime  leading  to  the  fonimtion  of  carbonatea, 
ailicateSi  and  other  Halt**  of  calcium  which  are  diatinguished  by  their  great  cohesion.  With 
the  progreaaof  timtj  the  cement  Ia  partkully  subjected  to  the  action  of  tlie  carbonic  anhydride 
in  the  air,  owing  to  which  cidcium  carbuiiate  is  formed,  hut  not  more  than  half  the  Hme 
ia  thus  converted  into  carbonate.  Besides  which^  the  lime  partially  acts  on  tlie  Kilica  of 
the  brickii,  and  it  is  owing  to  these  new  combLnationH  fiimultaiieouBly  forming  in  Uie 
cement  that  it  gradually  becomes  stronger  and  atronger.  Hence  the  binding  action  of 
the  lime  becomes  stronger  with  the  progreis  of  time«  Tlii^  is  the  reason  ^and  not,  as  is 
Bometimcfl  »ttid,  because  the  ancients  knew  how  bo  build  Ktronger  thjan  we)  why  build- 
inga  which  have  stood  for  centuries  possess  a  very  strongly  binding  cement.  Hydraulic 
cements  will  be  described  in  the  chapter  on  silicon. 
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it  i^emains  suspended  in  it  for  a  long  time^  and  gives  it  the 
of  a  milky  liqukl.  But,  besides  this,  lime  is  directly  soluble  in  vnut, 
not  to  any  considerable  extent,  but  still  in  such  a  quantity  that  Itn 
water  is  precipitated  by  carbonic  anhydride,  and  has  clearly 
tinguishable  alkaline  propeHies.  One  part  of  lime  requires  at  tb 
ordinary  temperature  about  800  parts  of  water  for  solution.  At  W 
it  requires  about  1500  parts  of  water,  and  therefore  lime-witif 
beconias  cloudy  when  boiled.  If  lime-water  be  evaporated  m  i 
vacuum,  then  calcium  hydroxide  separates  in  six-sided  crystala.*^ 
lime-water  be  mixed  with  hydrogen  peroxide  then  minute  crystftls  d 
eaJcium  peroxfdfi,  Ca0.jj8HjO,  separate  ;  this  compound  is  very  u 
stable  and,  like  barium  peroxide,  is  decomposed  by  heat,  lime^  m  i 
powerful  base,  combines  with  all  acids^  and  in  this  respect  presents  i 
transition  from  the  true  alkalis  to  magnesia.  Many  of  the  salt*  d 
calcium  (the  carbonate,  phosphate,  borate,  and  oxalate)  are  insohbif 
in  water  ;  besides  which  the  sulphate  is  only  sparingly  soluble  it 
water*  As  a  more  energetic  base  than  magnesia,  lime  forms  aal>^ 
CaX^,  which  are  distinguished  by  their  constancy  in  compariBon  lili 
the  salts,  MgX^  ;  neither  does  lime  so  easily  form  basic  and  donUl 
salts  as  magnesia. 

Just  as  oxygen  does  not  combine  with  hydrogen  unless  aided  bj  i 
rise  of  temperature,  so  also  Hrne  does  7iot  absorb  dry  carbonic  afthudr^ 
at  the  ordinanf  tetnj^erature.  This  was  already  known  by  Scheele,ta^ 
Prof.  Schuliachenko  showed  that  there  is  no  absoi'ption  even  at  Wf* 
It  only  proceeds  at  a  red  heat,^'^  and  then  the  absorption  only  leads  \ 


*^  Professor  GHnka  roeftsured  the  tr&nsporetit  bright  cryttaJs  of  calciitni  1 
which  uxe  formed  in  common  hydnLuIic  (PortLiLad)  cement. 

^  The  act  of  heuting  brings  the  Bub»taneo  into  that  state  of  internal  movmMiil  vi>^ 
is  required  for  reaction.  One  would  think  that  bj  the  act  of  heating  not  onljr  ii  1^ 
bond  between  the  parte,  or  cohesion  of  the  molecalesj  altered  (generally  dimitiialifdX  l' 
only  i»  the  movement  or  store  of  energy  of  the  whole  molecule  increaaed,  but  aliQ  titttii 
all  probability  the  very  movement  of  the  atoms  in  molecules  iinder^ova  a.  chjuigv.  T^ 
tamo  kind  of  cluaigo  i&  aocompliBhed  by  the  act  of  solution,  or  of  coiubiuatton  in  gmtffL 
judging  from  the  fact  that  a  diftsolvod  or  combined  substance — for  iiiBtauc4.*.  Umm  «A 
water-^reftctfi  on  curbonio  anhydride  na  it  doea  under  the  action  of  heat.  Fof  ih*M^ 
prehenaion  of  chemical  phenomena  it  is  exceedingly  n&eful  to  dearly  see  this  patvUaKoa 
Hoee'Ei  obBervfltion  on  the  fonnatien  (by  the  alow  difTuaion  of  solutions  of  caleiiim  dilob^ 
and  Bodiam  carbonate)  of  aragonite  from  dilute,  and  ol  culc  spar  from  BtroQ^,  aoitttkit, 
ii  easily  understood  from  this  point  of  view.  As  aragonite  ia  always  formed  ffooi  hi 
fiolutions,  therefore  dilution  with  wiiber  acta  like  licat.  The  follomug  exp^rtiiMttl^ 
Kublmann  in  particularly  in»tructivo  in  tliia  aenae.  Anhydroas  (perfectly  dry)  ImIhi 
oxide  does  not  reaH:?t  with  mouobydrated  sulphuric  itcid,  H^S04  (containing  ueithat  fipi 
water  nor  anhydride,  SOj).  But  directly  an  incandescent  object  or  a  moiai  tmlttlaHf^  i 
brought  into  contact  with  the  mi:cture  a  violent  reaction  immediately  begma  (It  19  4 
tially  the  same  aa  combustion),  and  the  whole  maa^  reacts. 

The  ipAnence  of  »olntion  on  the  proee^s  of  reaction  h  iDatnictively  illnslraled  tyl 
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[the  formation  of  a  mixture  of  calcium  oxide  and  carbonate  (Rose), 
iBtit  if  the  lime  l>e  slaked  or  takea  in  solution,  then  the  absorption  o£ 
learbonie  anhydride  proceeds  rapidly  and  to  the  end.    These  phenomena 
■are  connected  with  the  diasociaiion  oj   calcium  carhonate^  studied  by 
■Debray  (1867)  under  the  influence  of  the  conceptions  of  dissociation 
iintroduced  into  science  by  Henri  Sainte-Claii-e  Berille.   Just  as  there  is 
IBO  vapour  tension  for  non- volatile  substances,  so  there  is  no  dissociation 
■tension  of  carbonic  anhydride  for  calcium  carbonate  at  the  ordinary 
■temperature.     Just  as  every  \ olatile  substance  has  a  maximum  possible 
vapour  tension  for  every  temperature,  so  also  calciam  c^vrbonate  has 
its  corresponding  dismciation  tension  ;  thus  at  770*^  (the  boiling  point 
of  cadmium)  about  85  mm.  (of  the  mercury  column),  and  at  930°  (the 
boiling  point  of  Zn)  it  is  about  520  mm.     Afl,  if  the  tension  be  greater^ 
there  will  be  no  evaporation,  so  also  there  will  be  no  decomposition, 
Debray  took  ci^stak  of  calc  spar,  and  could  not  observe  the  least  change 
in  them  at  the  boiling  point  of  zinc  (930°)  in  an  atmosphere  of  carbonic 
anhydride  taken  at  the  atmospheric  pressure  (760  nmi.),  whilst^  on  the 
other  hand,  calcium  carbonate  may  be  completely  decomposed  at  a 
much  lower  temperature  if  the  tension  of  the  carbonic  anhydride  be 
less  than  the  dissociation  tension,  which  may  be  arrived  at  either  by 
directly  pumping  away  the  gas  with  an  air-pump,  or  by  mixing  it  with 
some  other  gas — that  is,  by  diminishing  the  partial  pressure  of  the 
carbonic  anhydride,*^  just  as  an  object  may  be  dried  at  the  ordinary^ 
temperature  by  removing  the  aqueous  vapour  or  by  carrying  it  ofi*  in 
a  stream  of  another  gaa.     Thus  it  is  possible  to  obtain  calcium  carbo- 
nate from  lime  and  carbonic  anhydride  at  a  certain  temperature  above 
that  at  which  dissociation  l>egins,  and  conversely  to  decompose  calcium 
carbonate  at  the  same  temperature  into  lime  and  carbonic  anhydride/* 

following  expertnient.  Lime^  or  biirium  oxide,  Is  placed  in  a  fiiuk  or  retort  hiiving  ma 
upper  orifice  nntl  conuectCKl  with  a  tube  itimierBcd  in  mercury*  A  funnel  furuished  with 
A  Btopocx^  oiiil  filled  with  water  is  fixed  into  the  upper  orifice  of  the  retort,  which  is  then 
fill&d  with  dry  carbonic  iviihydride*  There  is  no  absorption.  When  the  temperature  of 
equilibrimo  \h  arrived  at|  iiie  fmaloked  oxide  is  made  toabeorb  all  theeaibomc  anbydridi» 
by  cjiroftiUy  It^tting  in  water*  A  racuuni  is  formed,  as  is  seen  by  the  mercury  rising' 
up  the  neck  of  the  retort.  With  water  the  absorption  goes  on  to  the  end,  whilst  under 
Uie  acUoa  of  heat  there  remains  the  disfiociating  teosion  of  the  carlxiuic  anhydride. 
Furthermore,  we  here  see  that^  with  a  certain  reaemblanoej  there  ts  also  a  distlactioo, 
depending  on  the  fact  that  at  low  temperatures  calciojn  cvbonate  does  not  dissociate  ; 
this  determines  the  complete  absorption  of  the  carbonic  anhydride  in  the  aqueous 
Bolutioti. 

**  Experience  has  long  shown  that  by  moistening  partially-bomt  It  me  with  wiater 
and  re-heating  it,  it  is  ea^y  to  drive  o0  the  last  tnu'ea  of  carl>oni<:!  anhydride  from  it,  and 
thafct  *^  general^  by  blowing  air  or  steani  through  thu  lime,  and  even  by  utiing  moist  fuel, 
it  is  possible  to  accelerate  the  decomposition  of  the  calcium  carbonate.  Tlie  partial  pres* 
sure  is  deereased  by  these  means. 

*^  Before  BevilleV  conception  of  dissociation,  the  tnoduM  operandi  of  decompo* 
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At  the  ordinary  temperature  the  reaction  «»f  the   *irs.t  order  (comlii^ 
nation)  cannot  proceed  because  the  second  (decomposition,  dissociAtiofll 


fiitions  HkB  tlmt  under  coiiiiidenitioti  wiis  underiitoof!  in  the  refine  ib«l  de 
starts  at  a  certain  temperature^  tlmt  it  ia  aet'elenited  by  n  riafe  of  teiuperiitaTe-i  bul  it  ' 
not  couifiiidered  pcit^sible  that  combination  coald  pnnet'd  ni  the  hau)^  teuiper«.|ar^i«liatJ 
At  wltidi  deconipoHiiion  goes  on.     Bertholkt  and  Deville  intrixiuced  the  ooticwi«*ia>J«^  i 
«)quibbriuiji  into  cherniual  science,  and  idufiduted  the  question  of  reversibl*  nf«cl«*j 
Naturally  the  tiubjecl  i^  yet  far  from  bt*ing  clear — the  qneHtiona  of  Uie  ntte  i*nd  i<i 
iie»«  of  reiU'tion,  rd  tontitett  ite.,  Htill  inlrude  tliemaelves — but  an  iniportiiut  **t*'p  I 
made  in  eht^iuieal  mechanicH,  and  it  haa  been  made  in  this  direction   t)i*iuk»  1 
wurking  otit  of  mtuiy  data  in  the  Bense  indicated  by  the  doetritiei>  of  Bertholkt  ukI 
Deville,      Begidee.    DeviUe    hiuu^llf  the  French  chemists   Debray,    Trooet,   Lmmua^ 
Hautefeuilie,  Lb  Chatelierf  and  others  have  doue  much  in  working  out  th«*  probiaMi  i 
toQching  on  disi^eiaLion. 

In  ordtir  to  allow  the  exact  reBemblance  between  the  phenomena  of  cvaponitii>u  < 
di^^octation^  it  will  be  enongh  Ui  mention  that  th«  amount  of  het%t  ab^orljed  by  ^JJ 

0  in  ting  Nubetance  may  lie  caJcu  luted  according  to  the  law  of  Uie  vi«^atifin  of  diai 
pressure,  in  exactly  the  Banie  manner  as  it  ia  p«>Hsible  to  calculate  the  h»teiit  1 
the  evaporation  of  water^  knowing  the   variation  of  the  tension  with  Uie  le»j|««i!V^ 
on   the  baftiB  of  the  second  law  of  th©  mechanical  theory  of  heut,     ThU   clop«sWl««Bi 

may  l>e  expreis*M?<l   by  the  equation:   424L  =  Tf  ^  — pj^^|^.  »    where    1*    i«    the 

heat  of  oviifwration,  4*H  the  meclianical  equivalent  of  heat«  T  the  Mbsoluttf  Unjqm' 
atare  of  tran»formiitiou,  T  =  27^+^  tl  the  weight  of  a  cubic  measure  of  the  subMiUiH 
before,  imd  D  after,  the  tranaformation  into  Viqxiur;  and  therefore  lii-lU  U  tte  J 
change  of  vohimr.  pmceeding  in  the  trtiiisiformation,  and  lastly  d  ipyiyJi,i)  111 
product  of  the  pregnure  by  the  temperature,  or  the  viuiation  of  tenMoo  (e 
iu  uoitti  of  weight  and  length)  divided  by  the  variation  of  tempo  rut  ure.  In  the  * 
of  eteam,  tiddng  the  metre  and  kilogrftm  as  units,  we  find,  «*ceording  to  the  daU  git< 
in  Chapter   L.  tlitit  wheu  /  =  100 — that  is,  when  T  =  31^° — the   chon^  of  vUojiir  i 

1  (152  (bee autre  ojie  cubic  metre  of  Hteam  at  100^  weighs  O'liOS  kflo,,  whihct  aj 
metre  of  Wdt*^r  at  lUL^  weighs  ULVO  kilo.).  The  magnitnde  of  tii©  ptt:»duet  for  j 
lUO^  is  found  from  the  fact  tlmt  vapour  teiihion  of  ti team  at  100'  Vftrieo  by  87 
the  mercury  cohmin  for  a  variation  of  1"  teniijeruture-  Hence  the  magiiitttds  ol  1 
viiriAtioii  of  pri'&sure  in  kilograms  iwr  tiquio-e  metre  — 0*037  <  186Dli=iVrt7,  llmo»  tl*' 
nniguitude  of  the  right-hand  mde  of  the  equation  In  873  k  1  tiS*i  4  307  =^2*2(U4I  ;  aod  tli 
other  side  of  the  equation  in  fl»C  x  4U4  =  •Ji!7titU.  That  in,  both  parts  are  eqtiAl  witbin  tli 
limits^  of  accuracy  of  the  dat^^  iiml  therefore  the  quantity  uf  hei\t,  L,  expei]de<d  in  rr•p^ 
ration  iu  determined  frcun  the  variation  of  t^ennian  and  demiity.  It  ia.  Uie  uuuar  *tA 
diasHChciation.  Ai*  an  example  we  will  cite  the  datii  obtained  by  Trootft  lutd  H«ttl«fi|ioi3h 
for  the  hydrides  of  |>otaii(iium  and  sodiuni,  t  being  the  temperature^  lutd  h  1 
elation  pretiHure  corresponding  with  it  in  miUimetrefl  of  tlie  mercury  colunm^'-^ 

/     =830^  8-10=  350"  860^  €iH)° 

KjHJi     ^    45  58  72  08  &AH 

NaaH,  A     -    28  10  57  75  4i7 

Hence  it  follows  that  in  the  case  of  KM  the  riae  of  pceasure  per  degree  At  *boitl  W** 
is  approxmiately  etiual  to  2  nun.  of  the  mercur>^  toUimnj  or  the  pr<iducl^2t  kil6.  p« 
square  metre.  The  magnitude  of  the  Viiriation  of  volume  i^  found  from  the  f«el  tlMl1A»_ 
weight  fd  a  cubic  metre  of  hydrogen  at  851*"  and  I'l  mm.  presKure  =  0*IK>y7  kilo.  ~ 

the  vj5.riatitm  of  volume  is  nearly  270,  Aa  t  =  tim'^j  therefore  T*02H,  itnd  Uierelori»  <  _ 
find  the  magnitutle  of  L  from  the  equation  to  be  nearly  lOOOO  caloriea— thjkt  )»,  judgHf 
from  the  variation  of  the  dinsociation  prehHure  of  jiotiiHaium  hydride,  tU«re  in  de>«il>(i«i 
ju  iU  fnrmatimi  jihout  lOUOO  caloricH  i>er  gram  of  liydrogen  ct)mbined.      TJiis  figuiv  hm 


urn 
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^_  term* 
■  Whe] 


^ 


ofc  take  place,  and  thus  all  the  most  iraportaet  pheoomena  with  re- 
ft t(>  the  behnviour  of  lime  towards  carbonic  anhydride  are  expluinefl 
by  starting  from  one  commoe  basis.'*''' 

Cnlcium  carbonate^  CaCO;, — which  occurs,  as  has  already  Ijeen 
mentioned,  in  limestone^  marble,  ic— Is  sometimes  met  with  in  nature 
in  a  crystalline  form,  and  it  forms  an  example  of  the  phenomenon 
termed  dimorjJi  ism  — iliQ.t  is,  it  appears  in  two  crystalline  fonns* 
When  it  exiiibits  combinations  of  ff*rnis  belonging  to  the  hexagonal 
m  (six-sided  prism,s,  rhc^mlwihedra,  ttc.)  it  is  called  caic  ifpnr. 
Ic  spar  has  a  sjiecitic  gravity  of  2 "7,  and  is  further  characterised  by 
&  distinct  cleavage  along  the  planes  of  the  fundamental  rhombohedron 
having  an  angle  of  105^.  Perfectly  tiun  spa  rent  Iceland  spar  present^^ 
a  cleiir  exAJjiple  of  double  refraction  (for  which  reason  it  is  frequently 

not  been  verified  hy  expenment,  nor  has  the  calculated  Sigare  of  18  calories  for  the  for- 
ot  sodium  hydride,  N%H,  at  SOO  been  viirified;  hut  tlie  fi^re  of  4'1  calonea 
Ated  (*iO'^l  by  Mouiier  from  TrtxMt'B  d&ta  for  the;  dit^KOcialiou  preHKur(^  of  panudluin 
liydridt%  t'litirtly  ai^reett  with  the  direct  results  of  Fiivre,  wliich  showed  ttiut  t*Hcb  t'TAJO  of 
hydrogeu  whith  coiiibineu  with  palladium  at  the  ordinarj'  ttuipertitiire  develojis  4*174 
calorie-6,  and  tliert»fore  one  atul  the  Sitma  conception  of  tlie  mecbanicAl  UitNiry  of  heat 
M  applicable  to  tii^9vciatu>9i  and  cvap*fraiion.  The  heat  evolved  in  the  abiMiirpiioD  of 
liydrogen  depends,  naturally,  not  only  on  tlie  pbydcal  proceBB  of  tlie  enndeti^atioti  of  the 
KOA,  but  itlHo  ou  the  foruiatiou  of  a  new  chemical  compouud,  a^  ia  Keen  from  the  tfusi  thai 
<lifferent  raetalB  in  absorbing  a  gram  of  hydrogen  develop  a  differeint  amount  of  heat^ — 
namely t  paHadium  4  calorie»i,  potasmum  10  calories,  sodium  13  calories,  platmum  20 
calories — and  therefore  in  tlie  concordance  of  <:^alcuhition  with  fact  we  should  Hee, 
not  an  identity,  hut  ordy  a  resemblance  between  the  phenomena  of  dieaociation  and 
•evaporation. 

*^  But  Btill  the  quention  an  to  the  fonnation  of  a  basic  culciam  carbcniate  remains 
nndcMDided.  Acciirdin^  to  certain  chita  one  would  think  that,  with  a  rise  of  temperature^ 
not  only  calcium  carlxmate  hut  also  a  basic  salt  may  Ir*  fonncd,  which,  however,  is 
cleuied  by  certain  investigators.  Pr()bttbly  the  presence  of  water  complicates  all  the  re- 
lations beiweeii  lime  and  carltxtnic  anhydride,  all  the  more  as  the  exinteuce  of  an  attrao- 
tton  between  calcium  carbonate  tiiul  water  i^  seen  from  itt;  beiug  able  to  give  a  cn/itallo^ 
hydrtttc^VACOi,bHqO  (PeloUite,  Salm-Hot»tmar|,  which  crystalhse^  in  rhombic  prisms  of 
sp.  gr.  abimi  177  and  loses  its  water  at  20  .  These  crystals  are  obtained  when  a  solution 
4tf  lime  in  sugar  and  water  is  left  long  cJcposed  ta  tlie  air  and  slowly  attracts  carbonic 
Aidiydride  from  it,  and  also  by  the  evaporation  of  such  a  t^ilution  at  a  temjierature  of 
About  iS^.  On  the  other  band,  it  is  probable  that  an  atUi  talt  CaH2lC'0;;}.j  ib  fonned  in 
jtn  at^ueous  si>lution»  not  only  because  water  containing  carbonic  acid  dinsolveb  cidcium 
ate,  butmore  especially  judging  by  the  researches  of  Schloetiing  { 18721,  whicl)  showed 
10^  a  litre  of  water  in  an  atmoi^phere  of  carbonic  aidiydride  (pressure  0']}H4  atmo* 
tphere)  digM>lves  1  '0H<>  grams  of  ealcium  carbonate  and  1'77H  grams  of  ciu'bonic  luthydiide, 
which  corre^pondifc  witli  the  formation  of  calcium  hydrog'en  earbuuate,  and  the  Holutian 
of  carbonic  aidiydride  in  the  remaining  wster.  Caro  showed  that  a  litre  of  ivater  iti  able 
to  dissolve  as  much  as  8  grama  of  ealeitmi  carbonate  if  the  pressure  be  increant'd  tu  4  and 
more  atmospherea*  The  eslcium  c*rb<itmte  ih  precipitated  when  tlie  t^arbonic  luihydride 
pttBses  ofl  in  the  air  nr  in  a  current  of  tinotber  gan  ;  this  also  takes  place  in  many  natural 
Sfunngs.  Tufa,  stalactites,  and  other  like  formations  from  waters  containing  calcium 
^lurbonate  aj»d  carbonic  acid  iu  solution,  are  formed  in  this  miuuier.  The  solubility  of 
cdJciimi  carbonate  itself  at  the  ordinary  temperature  does  not  exceed  IS  milligrams  per 
litre  of  water. 


and  I 


It        LI  II 


Calotum  mdphate  m  combination  with  two  equi 
CaS0|,2H.^0,  is  %^ery  widely  distiibutet!  in  nature, 
gifpsum,  Gjpsum  loses  its  two  equivalents  of  water  iit 
t<?iiipei"atare/'  and  auhydrouB  or  btimt  gypsuni  is  then  obti 
is  also  known  as  plaster  ol:  Paris,  and  is  employed  in  lai^ 
for  modelling-^*  Thi^  use  depends  on  the  fact  that  burnt 
diTided  and  sifted  gypsum  forms  a  paste  when  mixed 
after  a  certain  time  this  paste  becomes  slightly  heated  aj 
owing  to  the  fact  that  the  anhydrous  calcium  sulphate,  C 
combines  with  water.  When  the  plaster  of  Paris  and  waa 
made  into  a  paste  they  form  a  mechanical  mixturei  but  wfa 


**  WHieu  cEilciam  ctirbonate  H«i|)iirM.teB  out  from  solationft,  it  tit  firai  hfl 
nppearikncf!,  which  le^iulB  one  to  think  that  thiB  £kiJt  appe&rs  in  Mi  colloliiA]  i 
cryatalliaes  with  the  progretis  of  time.  The  coUoicIal  state  of  calciiuti  car! 
cularly  cleur  fnun  the  following  obs«rv'atioMB  made  by  Prof*  FAmintHtn^  wl 
when  it  tieparfticB  frum  soluitionu  it  t&  bbtatned  under  certuln  conditions 
grainfl  having  the  peculiar  paKte-like  atructure  proper  to  Btarch,  which  fiwa 
an  iiKleppndent  interieiitT  bnt  presents  an  example  of  a  mineffli  stibstitAea  I 
in  a  fonn  until  then  only  known  in  the  organic  aubstanoee  elftborated  in 
ehowa  that  the  forrua  (celb«  venselH,  &c.)  in  which  vegetolile  Anil  ajui 
occur  in  organii«ms  do  not  present  in  themHeh'4*»  anyUung  peculiflkr 
but  are  only  the  result  of  tho»e  pArticnlar  conditions  in  which  Iheae  i 
formed^  Traube  aud  aft^rwardn  Monnier  artd  Yogi  (iBS'i)  obtnined  fom 
tinder  the  microaoopef  were  in  e%^ery  reitpe^t  identical  in  appearance  wtlh 
by  means  of  a  nimtlar  %\Qvr  fonnation  of  preeipttateH  (by  reacting  cm 
different  metals  with  Bodiam  sihcat**  or  t'arlwtjate)*  Ovring  to  its  tn^oliij 
calcium  carbonate  may  be  easily  obtained  from  any  other  soluble  oUcii 
addition  of  a  solution  of  an  alkivli  carbonate ;  for  exampldf  ammoniuni  cai! 

n  According  to  I^  Chatelier  (l8J^Bj,  1|HmQ  ia  loal  at   iaO°— thaj^jg 
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solidifies,  theu  a  compound  of  the  cal cio^ftrfl^ate  with  two  molecules 
of  water  is  produced  ;  and  this  may  be  regai-ded  as  derived  from  S(OH)g 
«bj  the  substitution  of  two  atfjma  of  hydrogen  by  one  atom  of  bivalent 
©alcium.  Natural  gypsum  sometimes  appears  as  perfectly  colourless, 
or  variegated  marble-like,  masses,  and  sometime^s  in  perfectly  colourless 
crystals,  sehniie,  of  sp.  gr»  2*33,  The  semi-ti-anspirent  gypsum,  or 
alabaster^  is  often  carved  into  small  statues.  Besides  which  an  anhy- 
drous calcium  sulphate,  CaS04,  called  an/iydrtte  (sp.  gr.  2 '97),  occurft 
in  nature.  It  sometimes  occurs  along  with  gypsum.  It  is  no  longer 
capable  of  combinmg  directly  with  water,  and  differs  in  this  respect 
frtjm  the  anhydrous  salt  obtained  by  gently  igniting  gypsum.  If 
gypsum  be  very  strongly  heated  it  shnnks  and  loses  its  power  of 
combining  with  waten  Gypsum  also  passes  into  anhydrite  if  it  be 
heated  in  water,  if  the  temperature  be  as  high  as  150^*.  One  part 
of  calcium  sulphate  requiras  at  0°  525  parts  of  water  for  solution, 
at  38°  466  parts,  and  at  100°  517  parts  of  water.  The  maximum 
solubility,  which  is  at  about  36^,  is  nearly  the  same  as  that  of  sodium 
sulphate.*^ 

As  lime  is  a  more  energetic  base  than  magnesia,  so  calcium  chloride^ 
CaCl^,  is  not  80  easily  decomposed  by  water,  and  its  solutions  only 
disengage  a  small  quantity  of  hydrochloric  acirl  when  evaporated,  and 
when  the  evaporation  is  conducted  in  a  stream  of  hydrochloric  acid  it 
easily  gives  an  anhydrous  salt  which  fuses  at  719°  ;  otherwise  an 
aqu^^us  solution  yields  a  crystallo-hydrate,  CaCl2)6H20,  which  melts 
at  28".*<* 

^  Ab  Marignac  slumiBdj  gjpKOjn  especmlly  desiccuted  ut  1*20°  eaisity  givea  auperaatu* 
rated  Bolntiona  with  roBpeei  to  CaS04}2H20,  wkicb  coDtain  us  macb  n&  1  part  of  Ca804 
to  110  piirt8  of  water*  Boiling  dilute  hydrochloric  acid  diftsolvcR  gypsnni,  formin^j  axh 
cinm  chloride.  The  behaviour  of  gypnum  towards  the  alkali  carbonates  bas  been  de* 
■cribed  in  Chap.  X.  Alcohol  preoipitatea  gypaaxn  from  ite  a«|a«ouH  aoluliona*  b(?cHtia<^t 
li3ce  the  solphates  in  general,  it  is  sparingly  soluble  in  alcohol.  Gyijftum^  likv  all  thetiul- 
pbaies^  when  bested  with  eharcortl,  gives  up  its  o3rygt?n,  forming  the  Mulphide,  CaS, 

Calcinm  salphate,  like  uiagneHiutu  sulphate,  in  capable  of  forming  doable  aalta,  but 
with  difiienltj,  and  they  are  chemically  leea  stable*  They  contain,  as  b  always  the  catte 
with  double  saliSi  lesa  water  of  cryatallisaiion  tb&n  tlie  component  salta.  Rose,  Phillips, 
Schott,  Stchefnro^Hlcb,  Struv^,  Ditte,  and  others  obtained  tbe  salt  CaKi|(804)a,H.40 ; 
a  mixture  of  gypeum  with  an  equivalent  amount  of  pKJtasginia  Bulphaie  and  water 
aolidiiieii  into  a  homogt^neous  mass*  Fritzacbe  obtiiined  the  corresponding  sodium  mvll 
in  a  hydrated  nnd  anhydrous  state,  by  heating  a  mixture  of  g^'pHom  with  a  satun^ted 
solation  of  sodinni  sulphate.  The  anhydrous  salt  occurs  in  nature  as  giaHbertic. 
Fiiizsche  also  obtained  gat/lutsnte^  Na^Ctt(C05)2,5HgO,  by  {touring  a  Maturated  scilaticm 
of  podium  carbonate  over  fresbly^precipitated  calcium  carbcmate* 

^  Calcium  chloride  haa  a  apecific  gravity  S'fliO,  or,  when  fused,  3*13,  and  the  sp.  gr*  of 
ih«  crystalliaed  salt  CaCl^eH^O  is  1'69*  If  the  volume  of  the  crystals  at  0°^!^  then  at 
20°  it  tfl  VO^t  and  the  volume  of  the  fused  ma^s  at  the  same  ieuaperature  is  ril8  (Kopp) 
(ffpeci£c  gravity  of  solutions,  are  Note  27).  The  solution  containing  50  p.e.  CaCl^  boils 
at  ISO,  70  p. c.  at  15SP.    Superheated  steam  deoonuposes  calcium  chloride  with  more  difl!- 
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As  for  potassium,  K  =  39  (and  sodium,  Na^23),   there 
near  analogues,  Rb^85  and  Cs  5^133,  and  also  another,  Li  =  7,  ( 
in  exactly  the  same  maimer  for  calcium,  Ca  ^^  -40   (and  ma^nesii 
Mg'=2^)t  there   is  another   analogue  of   lighter    atomic   weight, 
beryllium^  Be  =  9,  besides  the  near  analogues,  strtintium,  Sr  ^  87,  i 
Imrium,  Ba  ss  1 37,     As  rubidium  and  caesium   are    more   rareSf 
with  in  nature  than  potassium,  so  also  strontium  and  barium 

colly  thau  magnesium  chloride  and  with  greater  ease  than  barium  dtloride  (1 
Stjcijiiiu  df>eH  not  decompotie  fu»ed  C(Ll«:ium  chloride  even  witli  further  bettiing  ( 
Bodart),  hut  aji  ulloy  of  sodiniii  with  zinc,  l&ad,  or  b  ism  nth  ileuoaipo^^^ti  it, 
iLjloy  of  culciuu]  wiLli  ono  of  the  ttbove-nuLmed  metals  (Ciu-on)*  The  ainc  alloy  tiafh 
obtained  with  atf  luucli  a»  15  px.  of  calcium.  Cak-ium  chloride  is  lioluble  in  «Icq1io1  *d 
uhaorhn  anmiouia. 

A  multfcultur  gnun  weight  of  calcium  chloride  in  diasolYiii^  in   mn  esoe«s  of  i 
evolveB  ltil*JiA  oalorieB,  and  in  disfiolTing  in  alcohol  1756$  Units  of  he^  affi^Hiii^  I 
Pickuring. 

Roozeboom  made  dctui)€>d  reKearches  on  the  crystallo-hydnites  of  cAlcinm  dakok 
(l8Hi*),iind  found  tluit  CaClrtt<'H>jO  melfcti  at  aO"*i^,ai3d  is  formed  at  low  lemtier»tQreft68B 
solutionii  coiitainiDgiiot  more  th^ui  ld6  partb  of  calcium  chloride  fier  lOO  ports  ttt  »*ltf;3 
the  aniowit  of  ealt  (ahvaya  to  lUO  |Hi.rtH  at  w&ttr)  reaches  120  partb,  tlien  t*&btilar  iiyrfifc 
of  CaClailHjOja  or©  formed,  which  at  temperaturciii  above  38*4°  are  convert4*d  iiilo  tii 
cryHtiilto-hydrateB  CttCi^SH^O,  whikt  nt  temper&turcH  below  18^  tlie  variety  0  i  iiiiiiili' 
the  more  stable  CaClj|,4li£0a,  which  process  is  sided  by  mechanical  frictian.  Hnet^vi 
is  the  case  witli  magneeiium  sulplmte  (Note  27)i  one  and  the  siwoie  cr)^^bilIo-hjdfmte  i^ 
pearB  in  two  forms — ^the  ff,  which  euaily  forms,  butdoei  not  keep  ttnd  is  uiistAbte,  siul  ^ 
other,  a,  which  is  stable.  The  solubility  of  the  above-mentioned  hydriites  of  chlogdtd 
calcium,  or  amount  of  calcium  chluride  per  lUO  juvrtj*  of  water,  i&  a«  follows  : — 
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The  amount  of  uulcimu  ihloride  to  IIK)  parts  of  water  in  tlio  crystallo-hjrdflKM 
given  in  brackets.  The  jxiint  of  intersection  of  the  curves  of  solubility  Ues  at 
80^  for  the  firtit  two  salts  and  about  45 ''for  the  salts  witli  4HjO  and  211^0.  Th*< 
CaCLjjtill.^O  miiy^  however,  be  obtained  (Ditte)  at  the  ordinary  temperature  fium 
tiouB  containing  bydrtHihloric  vuuid.  The  va^HJur  tension  of  this  cry  stall  o-hydrste  < 
the  atmos|djerjc  at  lli5°^and  therefore  the  crystals  may  be  dried  iii  on  otmu^iliei*  ^s' 
fiiieiuii  aiid  obtained  without  a  mother  hquor,  whose  vapour  tenaiou  it»  ^r«ai<sr.  Tfe» 
crvKtalki-hjdrate  deeompoBes  at  about  175'^  into  CaCL,H.jD  and  a  soltitiati ;  this  is  eoidf 
brought  ubout  in  a  closed  vesael  when  tlie  pressure  is  greater  tiioxi  the  afcm€«plici»> 
This  crystallo-hydrate  iu  destroyed  at  temperatorea  sbove  ^0%  anhydmua  i^i^»* 
chloride  being  formed. 

On  the  other  hand,  Hammed  showed  that  sohitiooi^  of  calcium  chloride^  when  boam. 
deposit  ice  if  they  contaiu  leHS  tlian  4B  parts  of  salt  per  lUO  of  wuter^  oiiU  if  mian  IW 
cr)'i«tallo-hydrate  CaCI^^L^HaO  Bepant^tes,  and  that  a  solution  of  the  above  tiltniiniilir 
(CaCl3,14lI;|0  requires  44  U  parts  calcium  chloride  [ler  ItJO  of  water)  solidifies  as  a  cf^v 
liydrate  at  about  -&d^.  Thus  the  solubility  of  calcium  chloride  is  better  knowik  tlH» 
that  of  any  other  sidt* 

Neglecting  the  unstable  equihbriuni  CaClj,4H20j9,  we  will  cite  the  t4&tti{iGratiilfes  I  ^ 
Wlucli  the  paiuiage  of  one   1 1  yd  rate  into  another  takes  |dace  and  at  whicsh  tha 
CaClaH-  ttH^O,  the  two  solids  A  and  B  and  aqueous  va|iotir,  whot^   teusio&  is  givan 
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tlian  caknum  (as  also  bromine  and  iiicUne  are  nirer  than  chlorine). 
Whilst  exhibitinf,^  many  points  of  resemblance  with  calcium*  strontium 
and  barium  may  be  characterisefl  after  a  very  short  acciuaiiitance  with 
tlieir  chief  compounds ;  this  shows  the  important  advantfiges  gained  by 
distributing  the  elements  according  to  their  natural  groups,  to  which 
matter  we  shall  turn  our  attention  in  the  next  chapter* 

Among  the  compounds  of  tiarium  met  with  in  nature  the  commonest 
is  the  »idphat^,  BaSO,,  which  forms  anhydrous  crystals  of  the  rhombic 
system,  which  are  identical  in  their  crystalline  fonn  with  anhydrite, 
and  which  generally  occur  as  tranapjirent  and  semi- transparent  mas^s 
of  tabular  crystals  having  a  high  specific  gravity,  namely  4*45,  for  which 
reason  this  salt  bears  the  name  of  heavy  spar  or  bartftes.  Analogous  to 
it  is  cdesfhtr,  Sr80,i,  which  is,  however,  more  rarely  met  with  ;  heavy 
spar  fivfjuently  forms  tfie  gangue  separated  on  dressing  metallic  ores 
from  the  vein  stuff.  This  mineral  is  the  source  of  all  other  barium 
compounds,  because  the  carbonate,  although  more  easily  transformed 
intci  the  other  coiupounds  (because  acids  act  directly  on  it^  e\'olving 
carbonic  anhydride),  is,  however,  a  compamtively  rare  mineral  (BaCO, 
forms  the  mineral  wMcrite  ;  SrCO^,  gironiianiie ;  both  are  raj'e*  the 
latter  is  found  at  Etna).  The  treatment  of  Iwirium  s\ilphate  is 
rendered  difficult  from  the  fact  that  it  is  iiisokible  both  in  water  and 
acids,  and  has  therefor©  to  l>e  conducted  by  a  method  of  reduction/^^ 
Like  sodium  sulphate  and  calcium  sulphate,  heavy  spar  when  heated 
with  charcoal  parts  with  its  oxygen  ami  fi>rms  liarium  sulphide^  BfuS. 
For  this  purpi:»se  a  pasty  mixtum  of  powdered  heavy  spar,  charcoal, 
tar  is   suV>jeete<l   to  the  action  of  a  strong  heat,  in  which  case 

[04  +  40  =  Ba8-h4CO.  The  residue  is  then  treatetl  with  wat^r,  in 
which  the  barium  sulphide  is  soluble* ''-'     When  boiled  with  hydixKjhlorie 


■  ill  millimetreB,  nxe  able  to  exist  together  in  HtiLble  eqnilibriumt  «4?CQrdtiig  to  BooMbuoai'f 
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BoltiiionR  ol  calcium  ehlontle  niAy  een-e  hh  a  conyenicnt  exatii[)l«  for  thr  atady  of  the 
BDperRRturateil  Htate,  which  cnsily  cnnie«  about  iu  tlii^  case«  bcKriiaKti  rlifTerent  hydj^iiUsfi 
«jtj  formijd,  Thufe  at  2SP  RolutiotiB  containing  more  than  Hii  piirt»  tA  anhydroua  eulmum 
chloride  per  100  of  water  will  be  supeninttirat^d  for  the  hydrate  CuCl^^rJI.jO. 

^1  The  (urtiou  of  barium  t«nlphate  on  sodium  and  potaHHinin  t*tu'bonates  In  given  nn 
p.  427. 

**  Barium  sulphide  is  decomposed  by  water,  BaS -f  SHgO*- H^S  J- Ba(OH}.j  (the  i*«€- 
tion  \h  rcveriible^  but  Iwoth  siibstanoeH  are  soluble  in  Wat**!,  and  their  separation  is  cmn- 
pUcAted  by  the  fact  that  bHriuju  sulphide  abtiorbH  oiyg^en  and  gives  insolable  barium 
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add,  Imrium  chloride,  BaClj,  is  obtained  in  solution,  and  the  sulpbvri 
disengaged  as  gaseous  sulphurett^  hydrogen^  BaS  -h  2HC1  s=  BaCl^ + HJI 
In  this  manner  barium  sulphate  is  converted  into   bariura   chloiidoi^ 
and  the  latter  by  double  decomposition  with  strong  nitric  acid  or  Qlln  i 
gives   the   less  soluble  barium  nitrate,  Ba{N03)2,**   or   with 

Rulphatc.  The  hydrogen  t^nlphide  is  sometimeft  romored  from  the  ooltttion  hfl 
%vith  the  oxides  of  copper  or  ziac.  If  sugar  be  ndded  to  a  aolation  of  b&nnflt  i 
then  on  he^tiiig  biLriufn  Karelianite  i^  precipit^ited ;  it  in  decomposed  by  du^txauie  aalqK 
dbride,  bo  that  biirium  Livrhouate  ih  formed.  An  equivalent  mixture  of  sodlom  riil[li^ 
with  bivrium  or  Htrontium  Kulphates  when  ignited  with  diiurcool  give«  a  miilaw  i 
fiodiom  sulphide  &ud  barium  or  strDntium  Balt>iHde^  and  if  this  mixtuTB  be  diiv^l'ml^ 
water  and  the  solution  evaporated,  then  barium  or  strontium  hydroxide  crrstelHai 
on  cooling,  and  Btjdium  hydr<JHulphide»  NftHS,  is  obtained  in  fti^lution.  Tlie  by 
BoHqO^^  and  i^lrHjOj  are  prepared  on  a  large  scale,  biding  applied  to  miuiy  teActuWi: 
<exiunple,  utrontium  hydroxide  iB  preparwl  far  Bugar  works  for  extractinj;  t^rvsiaJQiaMir 
«ngAr  from  mola^HeB. 

We  may  remark  that  BouBaingaolt,  by  igniting  bariuin  aulphato  in  bydfocJilcinr  md 
gAa^  obtained  a  complete  decompositicni,  with  tbe  form&tion  of  l>ar[aiu  chloride*  AtAMoliB 
should  vdua  h**  turned  to  the  fact  that  Groav«a  by  heating  a  mixtare  nf  cUutn«l  tti 
Atrontinm  Bulpliate  with  magueHitim  and  potosainm  sulphates  sbowed  the  c«>sT  i 
pi)Hability  depending  on  the  formation  of  double  salts,  BU«h  as  SrS,KjS,  irliich  i 
Viluble  in  water,  and  ^ve  a  pr«?t:ipitate  of  fiirontium  carbonate  with  carboiile  an 
Jn  Bueh  examples  as  these  we  see  that  the  force  wliich  biudi)  double  «alt«  tnayi 
in  directing  the  t'ourse  of  reactions,  and  the  number  of  double  ualb*  of  silica  on  \ 
Hurface  sbowd  tlmt  tmtiire  takes  advantage  of  these  forces  in  her  elieixiicaj  proccMWL 

^  Barium  ^ctulphate  is  sometimes  converted  into  barium  chloride  iii  the  JbUtfV^ 
manner :  finely-jprouud  barium  sulphate  is  heated  with  coal  and  irmnfTmcpci  fhWlih. 
forming  the  residue  from  the  manufacture  of  chlorine.  The  ina«s  becomes  frwiMtTiri 
and  when  it  evolves  carbonic  oxide  th«  heating  is  stopjied.  The  following  cloahlD  dte^ 
poHiitionH  proceed  during  this  a{>eration :  first  the  carbon  takes  up  the  oxytfen  ftgni  tf^ 
barium  sulphate,  and  gives  sulphide,  BuB,  which  ent«irs  into  double  decomncMiUuii  mtk 
the  eliloride  of  manganese,  MnCl^,  forming  mianganese  sulphide,  MnS,  which  ts  ouulabb 
in  water,  and  ijoluble  barimn  chloride.  ThiB  Kolution  h  easily  obtained  pure  lie^a^ 
miiny  foreign  impurities,  Huch  an  iron,  remain  in  the  insoluble  portion  with  the  manciABM^ 
The  solution  of  barium  chloride  obtained  in  this  manner  ir^  chiefly  uaed  for  the  premA- 
tion  of  barium  Hulphate,  which  is  precipitated  by  sulphuric  acid,  b^*  which  meanj  5tiii^ 
sulphate  is re-forrned  as  a  powder.  This  salt  is  charactericied  by  the  fjvct  that  it  is  anftc^ 
on  by  the  majority  of  chemical  reagents,  i&  inaoluhle  in  water,  and  ia  not  dis^MiUwil  Iw 
ucidw^  but  iw  Blightly  acted  mi  in  an  aqueous  solution  by  the  prolon^tjd  notion  erf  alkdit 
and  of  a  solution  fif  the  alkali  carbonates  (with  sodium  carbonate*  for  inst4Uioe  aftrr  pra^ 
longed  boiling,  the  solution  gives  bariura  carbim ate,  Chapter  X.).  Owing  to  this,  arkJ*^ 
barium  sillphate  (orniH  a  pennanent  white  paint  which  is  uwd  instead  of  white  Iwi 
Barium  white  does  not  alt^^r  or  blacken  under  the  action  of  eulphuretted  hvdroe«n«wbA 
ufTects  white  lead.     Hence  it  has  been  termed  *blanc  fixi'^  *  or  '  permanent  white.* 

Tlie  iM>lution  of  one  part  of  calcium  chloride  at  *10P  require*  1*36  parts  of  wmfter  Ilk 
solution  of  one  part  of  Htrontium  chloride  requires  1-8M  parts  of  water  at  the  ssjna  1^ 
pL-rature,  and  the  solution  of  barium  chloride  2l"88  parts  of  water.  The  Bolnbilitr  of  tb 
bromides  and  iodides  varies  in  the  sam<?  pro|>ortion.  The  chlorides  of  barium  and  steo^ 
tium  crystallise  out  from  solution  with  great  ease  in  combination  with  water  -  *tWf 
form  BaClj,2H.>0  and  BrCl.2,eH.jO  (the  latter  resembles  the  saltB  of  caleium  sod  nM|- 
nesium  in  its  comptijjition). 

**  The  nitrates  SrjNO^Jj  (in  the  cold  its  soluticms  give  a  crystallo  h3'drate  conUinzftf 
iHjO)  and  Ba(NO.-,lj  are  ao  very  sparingly  sokibb  in  water  that  they  separate  In  rsttMf 
large  amounta  when  a  »olution  of  sodium  nitrate  is  added  to  strong  aolutionfl  of  Wttm 
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carlx>nate  a  precipitate  of  Imrium  carbonate,  BaCOa.  Both  these  salts 
are  able  to  give  bariufn  os^ide^  or  baryta^  BaO,  and  the  hydroxide, 

Bfi{HO),„  whicb  differs  from  Hiiie  1>y  its  great  solubility  in  waiter,'*"* 
und  by  the  ea^e  with  which  it  forms  a  crystallo- hydra te»  B{iH./)aj8H-jO, 
from  itfi  solutions.  Owing  to  its  Siilubility^  baryta  is  frequently 
employed  in  the  manufactures  and  in  chemical  practice  as  an  alkali 
which  lias  the  very  important  prt*perty  that  it  may  be  always  entirely 
removed  from  solution  by  the  ad<litiorj  of  sulphuric  acid,  which 
entii-ely  separates  the  baryta  as  the  insoluble  sulphate,  BaSO^.  It 
may  alfio  be  removetl  so  long  as  it  remains  in  an  alkaline  state  (for 
example^  the  excess  which  may  remain  when  it  is  taken  for  s^itu rating 
acid.s)  by  means  of  carlmnic  anhydride,  which  also  entirely  precipitates 
barium  oxide  as  a  sparingly  soluble,  colourless^  and  j^iowdery  carUmate* 
Both  these  reactions  show  that  baryta,  has  such  properties  as  would 
render  its  use  in  practice  most  widely  extended  were  its  compr.mndfl 
sks  widely  distributed  as  those  of  sodium  and  calcium,  and  if  its  soluble 
compounds  were  not  poisonous.  Banutn  nitrate  is  dii'ectly  decomposed 
l)y  the  action  of  heat,  barium  oxide  being  left  l>ehind.  The  same  takes 
place  with  barium  carlxinate,  ejipecially  that  precipitated  from  solutions 
iind  when  mixed  with  charcoal  or  ignited  in  an  atniospbei-e  of  steam. 

Barium  «>xide  combines  wiUi  water  with  the  development  of  a  large 
amount  of  beat,  and  the  resultant  hydroxide  is  so  stable  in  its  retention 

»of  the  water  that  it  will  not  part  with  it  under  the  action  of  heat 
alone,  although  it  entirely  dissociates  when  strongly  ignited  in  a  current 
of  hydr**gen  or  other  gas,  and  especiaUy  of  air.     With  oxygen  the 

•  or  Htrontiam  chloridea.  They  «jr©  ohtAined  by  the  action  of  nitric  jvcid  on  tlie  ciU'lKmatea 
or  oxides.  They  may  iJ«o  be  obtained  by  the  tiction  of  nitric  aeid  on  Bolaiiotis  of  the 
chlorides,  nil  the  more  as  tbey  are  Gomp&ratiTiely  little  soluble,  efi)>ecially  in  wat«r  con- 
ttiining  nitric  acid — 100  parts  of  water  at  15°  diftaolve  6'5  purtA  Htrontiam  nitrate  and 
8-2  parts  of  biiriam  Dttrate.  whilst  more  than  SOO  partfl  of  ciUi^iam  uitTHte  are  aoluble 
at  the  same  temperattire-  Strontium  nitrate  cotnmunicatos  a  crimaon  coloration  to  tlie 
flame  of  burning  Mubstonoeft,  and  is  therefore  frequently  used  for  Bengal  fire,  fireworks, 
and  signal  lights,  for  which  purpose  the  biiUb  of  lithimu  ar«  stiU  better  fitted.    Calcium 

knttr&te  is  exceedingly  hygroHcopic,  The  barium  nitrate,  on  the  contrary,  doe»  not  show 
ihiM  property  in  the  least  degree,  ai>d  in  thin  rea^>ect  it  reaembtett  potasuum  nitrate,  and 
BB  Itiesefon  nsed  iik«lea«1  ol  the  latter  for  the  preparation  of  a  gmipowder  which  i»  called 
!*P>EiEilgilip01wto*  (7<S  luxrU  of  barinm  nitrate,  2  |:iarts  of  nitre,  and  23  parts  of  charooal). 
^  1%A  di«BOei«tk»i  of  ilie  crystallo  hydrate  of  baryta  is  given  in  Chapt^i^r  I.  Note  65. 
100  parts  of  water  diaaolre 

10^  ^o  4(K=  «0^  60^ 

BaO  1*5  8*5  Tl  I8*g  sea 

SrO  08  0-7  1-4  S  9 

Itpenatvuraied  solution*  are  eaaily  formed. 
The  anhydrouft  oxide  BaO  fuse*  in  the  oxyhydrogen  flame.    "Wlien  ignited  in  the 
vapour  of  potassium,  the  latter  takes  up  the  oxygen ;  whilst  in  uMurine  the  uxygim  is 
aeparated  and  barium  chloride  fotmed. 
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anliydrous  oxide  gives,  as  has  already  been  meationcd  in  Chaptefij 
iind  JV,,  a  peroxide^  BaO^.''^  Xeither  calcium  nor  strontium  c 
are  able  to  give  such  a  peroxide  directly,  but  they  form  peroxides i 
the  action  of  hydrogen  peroxide. 

Barium  oxide  is  decomposed  when  heated  with  potassiunj  ;  and 
barimu  chloride  is  decomposed  ^  as  Davy  showe<l,  by  the  ^ctioa 
galvanic  curi-ent,  forming  metallic  barium  ;  and  Crookes  (1862)  oh! 
au  amalgam  of  huium  from  which  the  mercury  could  easily  be  d 
off,  by  heating  8i>dium  amalgam  hi  a  saturtxted  solution  of  \m 
chloride.  The  same  occurs  with  strontium.  Both  nieta.ls  are  solut 
mercury,  and  seem  to  be  non-volatile  or  at  least  very  slightly  vrj 
They  ai*e  bittli  hejivier  than  water ;  the  sp.  gr*  of  haHum  Ls  3'^,  a 
strontium  ^'fi.  They  both  decompose  water  at  the  ordinary  tempen 
like  the  metids  of  the  alkalis. 

Barium  mid  strontium  as  saline  elements  are  characterised  by 
powerful  basic  properties,  so  that  they  form  acid  salts  "with  di1$C 
and  scarcely  form  basic  salts.  On  comparing  tbeui  together  and 
calcium,  it  is  evident  that  the  alkaline  properties  in  this  ^:froup  (j 
the  group  potassium,  rubidiui«,  caesium)  increase  with  the  al 
weight,  and  this  succession  clearly  shows  itself  in  many  t>f  their  o 
spondiiig  compounds*  ThuSj  for  instance,  the  solubility  of 
hydroxides  RH^O^  and  the  specilic  gravity^*  rise  in  ptissing  : 
calcium  to  strontium  and  barium,  while  the  solubility  of  the  sulph 
decreasesj'*'*  and  thei'efore  in  the  case  of  magnesium  and  bervilitii 
metuls  whose  atomic  weights  are  still  less,  we  should  expect  the  i 
Itility  of  the  sulphates  t<i  be  greater,  and  this  is  the  case  in  reaiitv. 

*'*  The  property  of  barium  oxide  of  wliHorbing  oxygen  when  bimted,  tuid  girit^ 
Iierojtido  BaOj,  ib  very  cbnrtttteriHfcic  for  thia  oxid*?.  It  is  only  proper  to  tJ»e  tuihfi 
oxide*  The  hydroxide  drw^H  not  abrtorb  oxygen.  Prroxideft  of  calciaui  smd  ^irontinm 
he  obtained  by  mtfiinH  «if  hydrogen  peroxide.  Barium  peroxide  i»  intniltible  in  wi 
\»  Mb  to  form  iv  hydrate  with  it,  and  al«o  to  combine  with  hydrogen  peroxidf^,  torm 
very  iinHtiible  compound  httviii^thij  eompo»iition  BiiH^Oil  obtained  by  Prnfesfeor  He! 
and  whicli  in  the  course  of  time  evolves  oxygen  ^Cliapter  IV.  Note  21). 

^'  Even  in  t-olutioniA  a  RTJidual  progression  in  the  inci^ose  of  the  *pi?«ific  jcnitily  i 
itself,  not  only  f<ir  equivalent  fiohition!*  rfor  iiij<tam*e,  RCl^-l-SOOH^O),  bat  «r«ti  «i 
equal  percentajife  conipuHition,  aa  ia  heen   from  the  curves  giving  the  iif)«»cific  gl 
(wAter  4     -  10(Ml(Vi  lit  l'>"    (for  barium  chloride^  according  to'  BoarcliAkofl*^ 
tiouB^  : 

BeCi^  -  s  -  mnvi + 6i'*ilp  +  a  lllju^ 

CaCl^  :  ft  =  Smm  +  811-24/J  ^  0'47«ijJ* 
SrCli  :  S  =  9QWI  +  8B-57/>  +  (>*783/j» 

^*  One  part  of  calcinm  nnlpbate  at  the  ordimtpy  temiM?nUtire  r€i|titrc6  atMiot  SSfj 
of  water  for  Kohition^  Rtrontium  sulpliate  al^out  T(M»0  parts,  Imriunt  Etnlpbjtt    i^lKml  i 
iKtrtB,  whilat  beryUiuJu  sulphate  is  easily  soluble  iu  water. 
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As  in  the  series  of  the  alkali  metals  we  saw  the  metals  potassium, 
rubidium,  and  caesium  approaching  near  to  each  other  in  their  proper- 
ties, and  besides  them  two  metals  having  smaller  combining  weights^ 
namely,  sodium,  and  the  lightest  of  all,  lithium,  which  already  exhibited 
certain  particular  characteristic  properties —so  also  in  the  case  of  the 
metals  of  the  alkaline  earths  we  find,  besides  calcium,  barium,  and 
strontium,  the  metal  magnesium  and  also  beryllium  or  glucinum.  In 
respect  to  the  magnitude  of  its  atomic  weight,  it  occupies  the  same 
position  in  the  series  of  the  metals  of  the  alkaline  earths  as  lithium  does 
in  the  series  of  the  alkali  metals,  because  the  combining  weight  of 
beryllium.  Be  or  Gl=:9.  This  combining  weight  is  greater  than  the  com- 
bining weight  of  lithium  (7),  as  the  combining  weight  of  magnesium  (24) 
is  greater  than  that  of  sodium  (23),  or  of  calcium  (40)  is  greater  than 
that  of  potassium  (39),  &q^^  Beryllium  was  so  named  because  it  occui-s 
in  the  mineral  beryl.  The  metal  is  also  called  glucinum  (from  the 
Greek  word  yAvKv?,  *  sweet'),  because  its  salts  have  a  sweet  taste.  It 
occurs  in  beryl,  aquamarine,  the  emerald,  and  other  minerals,  which 
are  generally  of  a  green  colour,  and  sometimes  occur  in  considerable 
masses,  but  which  are  as  a  rule  comparatively  rare  and,  as  tnms- 
parent  crystals,  form  precious  stones.  The  composition  of  beiyl,  the 
emerald,  and  smaragd  is  as  follows  :  Al^OajSBeOjGSiO^.  The  Siberian 
and  Brazilian  bei-yls  are  the  best  known.  The  sp.  gr.  of  l)eryl  is 
about  2'7.  Beryllium  oxide,  from  the  feebleness  of  its  l>asic  properties, 
presents  an  analogy  to  aluminium  oxide  in  the  same  degree  as  lithium 
oxide  is  analogous  to  magnesium  oxide.^^     Owing  to  its  rare  occur- 

**  We  refer  beryllitun  to  the  class  of  the  bivalent  metals  of  the  alkaline  earths — that 
iB,  we  ascribe  to  its  oxide  the  formula  BeO,  and  do  not  coant  it  as  trivalent  (Be  — IH*'), 
p.  818),  as  has  been  proposed  and  argued  by  many.  The  true  atomic  composition  of  beryl- 
lium oxide  was  first  given  by  the  Russian  chemiKt,  AvdeefT  (1H1<)),  in  his  researches  on  the 
compoands  of  this  metal.  He  comi)ared  the  conipomids  of  beryllium  to  those  of  magne- 
Bium,  and  set  aside  the  then  reigning  opinion  of  the  resemblance  bfetween  the  oxides  of 
beryllium  and  aluminiuiti,  by  proving  tluit  beryllium  sulphate  presents  a  greater  resom- 
blance  to  magnesium  sulphate  than  to  aluminium  sulpliate.  It  was  e8[»ecially  uotictMl 
that  the  analogues  of  alumina  give  alums,  whilst  berylhum  oxide,  although  it  is  a  foebI<> 
base,  easily  giving,  like  magnesia,  basic  and  double  stilts,  does  not  form  true  lUums.  Th«« 
establishment  of  the  periodic  system  of  the  elements  (1W»1»),  which  is  ctmsidered  in  the 
following  chapter,  immediately  showed  that  Avdceff's  view  corresponded  with  the  truth 
— that  is,  that  beryllium  is  bivalent,  and  therefore  necessitated  the  refutation  of  tint 
trivalency  of  beryllium.  This  scientific  controversy  resulted  in  a  vast  series  of  re- 
searches (1H70-«0)  concerning  this  element,  and  ende<l  in  Nilson  and  PetterKSOu — tw«i 
of  the  chief  advocates  of  the  trivalency  of  beryllium — detennining  the  vapour. density 
of  BeCl2  (-40,  p.  8lH),  which  gave  an  undoubted  pn)of  of  tlie  bivalency  of  beryllium, 

^  Beryllium  oxide,  like  aluminium  oxide,  is  precipittittnl  from  solutions  of  its  sjilts 
by  alkalis  as  a  gelatinous  hydroxide  BeH,()2,  which, like  alumina,  is  solubh-  in  un  ♦•xce'^'^ 
of  caustic  potash  or  stnla.  Tliis  reaction  may  l»e  taken  atlvautiige  of  for  distinguishing 
and  geparating'berylliuni  from  uluminium,  because  when  the  alkaline  solution  is  diluted 
with  water  and  boiled  beryllium  hydroxide  is  precipitated,  whilst  the  alumina  remains 
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rence  in  nature,  to  the  absence  of  any  especially  distinct 
properties,  and  to  the  possibility  of  foretelling  them  to 
extent  on  the  basis  of  the  periodic  system  of  the  elementj 
the  following  chapter,  and  owing  to  the  brevity  of  this  ti 
will  not  linger  long  over  the  compounds  of  beryllium,  and 
observe  that  the  individuality  of  the  compounds  of  bery 
j>ointed  out  in  1798  by  Vauquelin,  and  that  metallic  bery 
obtained  by  Wohler  and  Bussy.  Wohler  obtained  metallic: 
(like  magnesium)  by  acting  on  beryllium  chloride,  BeClj,  with  ] 
Metallic  beryllium  has  a  sp.  gr.  1*64  (Nillson  and  Petterss< 
very  infusible,  melting  at  nearly  the  same  tempei*ature  as  sil 
it  resembles  in  its  white  colour  and  lustre.  It  is  characterit 
fact  that  it  is  very  difficultly  oxidised,  and  even  in  the  oxidL 
of  a  blow-pipe  is  only  superficially  covered  by  a  coating  of 
does  not  burn  in  pure  oxygen,  does  not  decompose  wat 
oixlinary  temperature  or  at  a  red  heat,  but  gaseous  hydroch 
is  decomposed  by  it  when  slightly  heated,  with  evolution  of 
and  development  of  a  considerable  amount  of  heat.  £\ 
hydrochloric  acid  acts  in  the  same  manner  at  the  ordinary  ter 
Beryllium  also  acts  easily  on  sulphuric  acid,  but  it  is  remarl 
neither  dilute  nor  strong  nitric  acid  acts  on  beryllium,  whicl 

ill  solution.  The  solubility  of  the  heryllimu  oxide  already  clearly  iiidicat 
basic  projx'rtien,  and.  as  it  were,  separates  this  oxide  from  the  class  of  the  ulk 
But  on  arranginjj  the  oxides  of  the  above-described  metals  of  the  alkaline  eu 
ing  to  their  decreasing  atomic  weights  we  have  the  series 

BaO,       SrO,       CaO,       MgO,       BeO, 

in  which  the  basic  jiroperties  and  solubility  of  the  oxides  consecutively  ar 
decrease  until  we  reach  a  jK)int  when,  had  we  not  known  of  the  existence  of  t 
oxide,  we  should  exiH'ct  to  find  in  its  place  an  oxide  insoluble  in  wat<.»r  and  ol 
properties.  So  also  in  the  series  of  the  mettils  of  the  alkalis  the  basicity  of  1: 
is  distinctly  more  feeble  than  sodium  and  potassium  oxides,  and  lithium  < 
insoluble  in  water. 

Another  charact<»ristic  of  the  salts  of  beryllium  is  that  they  pive  a  gel 
cipitate  with  a(]ueous  anunonia,  which  is  soluble  in  an  excess  of  uuunoniui: 
like  the  precipitate  of  magnesia ;  in  this  beryllimu  oxide  differs  from  I 
aluminium.  Beryllium  oxide  easily  forms  a  carbonate  which  is  insoluble  ii 
restnnbles  magnesium  carbonate  in  many  respects.  Beryllium  sulphate  is  d 
by  its  c<msiderable  solubility  in  water — thus,  at  the  ordinary  temperature 
in  an  ecjual  weight  of  water ;  it  crystallises  out  from  its  solutions  in  well-fon 
which  do  not  change  in  the  air,  and  contain  BeS04,4H.20.  Wlion  ij^nt 
beryllium  oxide,  but  this  oxide,  after  prolonged  ignition,  is  re-dissolved  by  su 
whilst  aluminium  sulphate,  after  a  similar  treatment,  leaves  aluminium  oxi 
no  longer  soluble  in  acids.  With  a  few  exceptions,  the  salts  of  beryllium  cry 
great  difficulty,  and  to  a  considerable  extent  resemble  the  salts  of  magnesiui 
instance,  iHsryllium  chloride  is  analogous  to  magnesium  chloride.  It  is  vc 
anhydrous  state,  and  in  a  hydrated  state  it  decomposes,  with  the  evolutio 
chloric  acid. 
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resist  oxidising  agents  with  particular  ease.  Potassium  hydroxide  acts 
on  beryllium  as  on  aluminium,  hydrogen  being  disengaged  and  the 
metal  dissolved,  but  ammonia  has  no  action  on  it.  These  properties  of 
metallic  beryllium  seem  to  isolate  it  from  the  series  of  the  other  metals 
described  in  this  chapter,  but  if  we  compare  the  properties  of  calcium, 
magnesium,  and  beryllium  we  shall  see  that  ma<j^nesium  occupies  an 
intermediate  position  between  the  other  two.  Whilst  calcium  decom- 
ix>ses  water  with  great  ease,  magnesium  does  so  with  difficulty,  and 
l>eryllium  not  at  all.  The  peculiarities  of  beryllium  among  the  metabs 
of  the  alkaline  earths  recalls  the  fact  that  in  the  series  of  the  halogens 
we  saw  that  fluorine  differed  from  the  other  halogens  in  many  of  its 
properties  and  has  the  smallest  atomic  weight.  Just  the  same  is  the 
case  with  beryllium  among  the  other  metals  of  the  alkaline  earths. 
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